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: Jl*JJ £ 4-LTe.LOJ 4JI (_yi£-J JtA^ta £<>Jl*J ^yXJ V £yi (j^C f^A 1 ntlj ^\l ,^,tlj < <> Jl>-J «dJ Ju^>JI 
(^yic ajjLUI LjjJJ L-cLajJI jjlj^aJI <J-ui>Gj (^,1^1.1 i_-<JjJi-J1j (jyJ-flJI rtuiltlLI LaLtJI 4 iriiiiji,! ij 1 1 n" 



Cjl^>.jli! A^c_uj ^LaTufczl ljuk (^Lij fJjjjJI Jjjjj A. 2^J3^lJ,1 4 ji^t, Ij 4_lLo]Ij 4-llSHjI cJulIajJI JJuIi 
<>jjlj-a (_yic Lul j J-a-*LtJ (J aL^alla (j-L^J - i ^ >1 ^l 3^* $ <±£ca 2— < ■ < <aj (_j-J1 (JJ05.JI 1 Jt-4> 2.jL9 <jjJ ^j^a a JljJ > nil 
(jjju (J 1 <ali 1 t (_gj-a-<-JI aJJlJI 4 l-»-f *J3.i ^_ LajJS jlj 0" 1 iiVI (J^-l (j-a (jLaJ^lj /aJL*JL) tt 1 1 all 4-ll 1 mi 2jj9 Lr^-J 

■ Lg.1 ;^ La j (Til I JjjJI i_al <^i t, JUj 4ill 

La JlSHJL I LJjjJI <_ijLrelJI *_a (j fljj LuLsol aaiaji ?c_<fcLJ,1 ^j^U'ia p^-^ .^.".t LaLxJI Sjlj 2 I C-Jaa. Jl9j 
4jI ua_uaj>o LaL^a ) J-aJuM JJjJ-lu ' J-LaILa ,,^~"' * ' LjJl>- 4-La-ic. C—t-JL-ul Jj^j ' LljjjJlJI Tea j-JI s-LL) A_ 
«J_l£=jJI (Jila-i i^jJI LiiLajJI 4-lL^.U jujLiII jIJlcJ pj)j mi a £_ a j La -•- II £>jui> O-lfj-aJ Jl9j £ 4jI ALalLa ^^lITl! 
j^j 1 11 Jlla-l ^'-^ '^*- ' (jL>J J^^~" ' '"'" (jr^- L^"- 1 4r J- u '-*-^' ^-aTLtJ jl 4 LujjJlJI 7c_ajjJ1 *l_b A_ Lu_uL_uj1 
(_£JJ1 ^La-til *J2l_aJI *-a LuiLlII LjjJI Jj^Ijjj da>J <jA4^' S-^J^'j 'intl p-lUTlU LaLtll 4 mmjJLlj J-a-<JI 
j '^— >| ^—ljjJlj py-aljjjj 4 1 aL^suLa ajJa-ij LL$-JI ^_ (jLrtUI aJJt rj_ie-J (JjulII 3j-" '** '^'-^" l " 4-l&jJu 

.'Lli_uL_u J I d'il ilU", a (^.uLsO ^_ 4_L5Lfll 9 J '^— >| J 4 JjUlJI (jj I 11 ) I'^ll » --»**« T 1 

i-Jij_i^=3Ljj JlJ^-jj /o i 11 ^ (^jjJlJL ' ^^^^~*"'"J Ju^-iTiJI 4 j * 23 Cjmji iiL-uT LujjJlJI 'L,i_uL>JI <?Jut> JjLllJj 

^j^ i^^-", 11 IV] Laj^UI ljIjl^J.1 ' '1 1 ■■"^-'1 L Aj^-i (JjLjlu L^_l>. CjULj^bj^a LlLcIJI CjLJj=3lL! 

j\c 4JJI (j^a (J^aG 4_ujjJjJI 4_txL>JI iJjuii lILiJlJ jj-U xuiiJ (j^J w^kLUI j_)jiajj p J a LaHl LaL«JI 2jl J^flj 
£ JlxSjlJI ^ya jJLtvj 1 La ■ •■ ■ a ujjJLluL) £ La j^U I LjjjuJaJI CjljL^i.1 (Jjj-a G ^_ j.jHil_La J*^-* ■"■ ' p j ■ •■"' (jl (J^-J 

.CjIjL^JLI tfjufc 1—1L ■"^— 1 ^1 »g (<UlJiJ (_pJ1 (JIj=llu2|j dll a-uial!Lj LI t" 1 nVLij 

JiZeja * j a 1 11 4J1 fijLtisjjj 4-uvj U> L^-La ^j ' Ltaj ■ all a LiijIjLcl (JLc jj-LaliUiII 3^-^ O' (Jl ' "< 4JLllj 

.*L^jJ1 



w_ALm j\ji^Iajj A-Lg Lgalll LaL«JI 3jl JjVI 







2jlj_>JI (JLajjl Jj)J aH VI 4_uJL>jl iJjLjb 4._i_ulj.i ' i IW*»" <>i.— 1>- <*_j|jjjj CjLjjIj^>J| /<sJLl Cjm i iiL-ut jj-La 

2jj-i 4_3j_*_a *_a 4_jjlj_>JI I ^— i-Lal * ) J U j-jLjJI (JjjLoJIj (Jj^tl (Ji-iLoJI ^j-*-« ' '^"1 i 1 1 Lajj I a ^-» t L^jLil i n^-j 
^^ i^-»-", II I j_,k ^_ ^j-ll-LIII i i^Uall 'U_i_oL_ol CjLa&Lt^a ■- 1 UrV 4_i_uL>JI <>J_ii> ■ ^ > ^"j 4 , ,,j^-i • 1 1 CjjjjL^= 
.clUj 3^— al La 4_pt_u-ajl!l 4liaVI j SU^,..jtl CjV.}L*J,I JM~j- (j-a J-uLCdl aJlCJ iLL-ajJI L$j3 (^JJ d-p- 
(J-lLljjjJlJ (j^^-^J Lr-^- l£j- l>,j Lr^- 2 l£j * * O^? 1 ^ ' ^'--^~'"' *'J ^d>^' A - * *" ^LuduLdul 4 uJLa. ClLjallgeja Lai 

:La-4> 
:Jia »^s3 4_j}Lj jj_a j|j ^—■"" /j &9 ( ^j la ) ) J-£>_lLJI A_tl2j Cil j i hL-uI (jlj_i*-i J J VI 4_ujj JuJ I 2 Jl>-jJI 

jl se dl da Li uaJI 2jjJ i ,_, *» ' (—il—Idl J i ^- a 1 I a c J—J^jjJI Jajl ijjJ (Jjl J-^>-j Jajlj-^>. (Jjl Ijj <JjVI J La-aJI 

■ A-aJua-" i nU Ju^jI'JI JajLu/j ^j^« ' (_y-^- <— 3j-*^LJ 4 La_i.La.jtJ *j jJi3 ci~JL~J! J <^» All Lai i a U^i, „ ,tl 
3_a A ''J^~~* a 2_L^^JI 0j_4>j . ((C) la ' ) sl^-JI (_A_u^=lJ 4 j * S3 CjLluLuI ^C 4_uL~JI 4_ujjJlLJI 2 Jl>-jJI 
(J 1 a A 1 1 j ( 4 A I", ^- 1 1 4j^La_aj^=Lj_tjJI CjL_J-a-tJlj ^^""jjj ^— lj udl 4 LaJj -•- 1 1 ^-C (JjVI tj <-«>At| , u A a £m I .^.a 

. ( (j-ujejjjjj JiJ^ ) 4jjIj^>JI (JLa^- VI (j£. (jy-lLlII 
x—iisj (<u I -1*^-* t j'-T. L> "^' ' ,j " J " ^~~' 4r ^-Ij^aiA 4_llLal - 1 Lag I /<u! (j^-^- 1 ' uul (j^^^J^ ri> ""' (J^— *"J 
rtS-J (jy J_cuJJ (jja. tlUjiJ uJ^LiaJI I $Ac ujjJJLlI (j^^^J-J' (j-Gl-A (j_a J <^»*^ J-^3 ^L^J J-ic ' 'N tall 4^ ml 

.2 jLaJJ /o^-ll it-u 1 nl ^ Juo i^^jca 
«.lj_<-u Jl (_^jLJI 4JLllj 4 ALaJI LJ«.l_Lil J-LflJ J-S La-L^ l_Liaj Jt^ jj^— *' (jj <J*-J j-' 1 (Jj-^l dy 3 (jyt-aTiJj 

.J-^JI 




.^ irT>p II 1 1 1) n i llrj -c^ i n II p 1 1 n i 1 1 rin In II niiiinq p II 



i^&DU JU Jill! <Ilu1J uUwLwl 



JU>_uJ' Cj l_U_u L_u I 







A«JLM 

»l" All J Lai jlJ£. ^JiiJI (j-o rlj-ll » La-ib cdJij (_£ jMjJ.1 j i~,,c (j-oLUI oj-UI £- ?^W Jl ^>A" ^LLaJ f jlj 

o x~ij\ < a^ *\ ) A aI *JI i|_j ' ^j i^aJI J Lai i|_ LJL^jLJ ijjI o sj ^^r\ >o ^ "-»- 4 !jij-*-o (Jj jLj <■« <4- ' ^-y^-^J 

a^Ll^ cjIjl_i a^ <\yv aLJI 4j. .A-i^aj^aVl jlj-^Vl 2_ 4 j^-. n Lajjjt i^v>i3 Jjl Kelvinator jy.y. i Aji^ 

: I j'" Cj2L»j3 SjLC A- (J <1 t"l I II t 7C_JJ^3 Ij till j JL*-) JIJJ_lL!I <Lcl_U^3 ' " *JJ .4-lJlC. VI JijL>J *-JJ I nil jLLA^tUl 

< i_J_l^=LjJ I ~~ 

.<bjic.VI <Lcl_u^3j Jii t i La aa» < Juu«->^ ~ 
.3-aliieJJ 4_LilaJ| CjVU_»j-<-uVIj (aJlII tdjJJ ) aJlII itAA^. < 4jjjVI icLij^ - 

. jJI ...^LluaJI ^Lkil dLu^MJI itLii^, - 
.rcJI ... JljJl>JI 4 j i " 2j i ^t j i iiill 'JjjJ-JI 4_cLLi^3 — 
J| 4_»Jajiie_La Sjlj^>- <L»-jj Jl_Lc (jj ^-» ' t_£J_!l ^j" i n tl (j— o Sjlj_>JI J 5 ' ^ If Jljj_lL!I a I Laj J-^c Jl-4j-*-)j 
^LjJI (jj'l aJI (. r in->- — 4_lL4J«JI j_ils aL«jV Jt (~i (Jj_l (—1-1 LajJ 4 jlf '.4._JLc Sjlj_>- 4_>.jj Jl_lC t_£Jl_!l ^gj" mil 

.4jjIj_=«JI 1^— J^l M lit 
:(_,Jj L«J 7r <i i n J Ijuij I SJj " LoLLaJ Jljj_lL!I a LLaJ (JJ^-'J Lo 3 jLc 

.^^jjvjLiJI s-lj^L! jlj^-uJI i Uj i nj cjjJj (AJ^c 

. JiJj_l1!I SjJjI j (j^. AJjlsjJIj s-lj«JI ^-A 
. JiJj-pJl i Laj i "j ^jljj_<-d JjuLA ^_ p^~ LSelul 
j<U ) afl i Jljj_lL!I {- y* i—j^LLs ^gj" i n a i. 1 1 nljj I Jl>- *> La i •■ i " i2jj_Lajj ( Jij^_l1I| 4_iiflj CjI j i nL-ul ^If (_3j_«iLIj 

(j-o Jlj^_uJ| i Laj I i "j ^_ 4 l<i t" i ii U (JjIJl>J| ^jIL>Ji, CjI j i nL-u VI (JjLuj 4_ujjJuJI 3Jl>-jJI tfjui (j-o JjVI J uaAll 
^rJLiuVI LLajlj^i. uUI I j-ili JjL-uJ I i^— jj LaJl j-< ♦" Jlj-i>-l JlJi£. j^j-lII j«s^^JIj Cr JL!uVI 4_SLLs 4_L4^=> C— jp- 

■ 4_ul i n-»JI (jjjLaliJI (jiajLjj 7c_uisjIiJI x-o ibjjjiil Jijj_pJI i Laj I i "j (jiuLjJ (JD-Jlj i La » i ia 1 1 j 
^jJI (J-oIjjiJI (_>iaJ«-i (jLu x-o 4 j^j^-^tlj 2 Laj i •■ Jl Jijj_l1II 3jjj j.1 j| Jl ^j-Lajj 3Jl>-jJI tfjui (j-o ^^jjQjl J uaAJl 
(_>ia_»J Jljs-jj I ' iaj I JoA I uaJ I Jt ilij (_^Jljj_l1II j_uLjJIj ^(^vJ-Tj *ljVI 2»l A^-i C~-l>- (j-o Jijj_pJI ojjj «.ljl ^If j3|3 

.CjLcjjisjJ^I tf juJ (jlsjjJI (J^l->- (jJjLaliJI 

(_)iaJLjJ ^_yJI j IJ^-* II ' ■ i J,*~~'J~^J) 4 J^^J"' 'j I ll J 4 J^'ljjj^ll (_y«ajl LiaJ^JI ^ If (_3j_»jj oJljs-jJI <jj_ii (j-o oJoJI J uaAll 

CjLiSLfljVlj Jljj_lL!I i Lajl i "jt 4_jfLuJI Cjj-uLIII i d Ij ^~*J Jljj_ljJI (JIj^>.I i d I" A. ^ Ji_Lc LgjVI <i t" i ii Ij Jijj_jIlII i Laj I i "j 

.Qj-jjVI 4 ^ , La I 4_Lol ^jj>-l JiJj^J i Laj I i "j a I JlJ-"i i ulj I j uaji I (j-o j^^^jjJuJI (j a I sej 1 1 p La *" ^J-II 4_iiL»JI 







■ CjI^-iATlU (_^3l^>. 2*'j^S 4_uLi^=3j p-D. ilaJa-Je^a ^_ a ajQseJu i Laa La -•- 1 1 <l3j_ta • 

. Ju^jIJ! j^ljjJ ^yla-tlaiel!! ^.,-ujJIj (p _ h) aJUkJI /<u-uj • 

. Jj_j-uJI jjljjJ a Ls-li u-JI Qui i n*«.1Li aLlajI * 

. Jj>^l ajjj *lj| (J ^ jiijj ^^1 J^IjjJI iaj^ta • 

2 » LtiSoJl Jl-Jj-uJI iU'\l ,,,j1 4_lLll?Ij 4_)jIj_>JI 4 4_jJ LiAJ^aJ I ( 4_uuj_ui]| ^ ^ "\ 1 < -^ -»■ 1 1 4_3^JLa * 

.4_ujjJiJ icLu \ i 













Jbju^l kjUj iaJlji-j Jjli? : JjVl J*aaJI 

j_caLLc «_L»a. a .La J-a^l jL>jl /^-lc sjJl^JI L^jLi i^LLaJI ^y£.j^ju |_£jj>-2l 4_p*l_L!l ^j^a .CjljLiJIj (_plj i ntlj 
Lj ui-aj ajLU (jr Lc 4jjJLji,l i^LLaJI lu^aj a_}LI,l CjLuJ^j- iiajlj3 i_i u> \~*\ Jl j t^ale (j^a 



. solids ^'N L^aJI aJL*. - 
. liquids aJo-u-JI SJU- - 

. gases ajjLUI iJUJI - 
Lyt-u=, (liquids) JjIj-cJI L-aJLu incompressible lLU_^>U S_LIS jj_c SJLuaJI jlj_U <jL_> Jj_l!l j ^ -rj 
aL*JI (j^JLHI i ^lajA^, ^2g ^_p. uULL^MJ aJLLs ^^ cjIjLL!! Uf relatively incompressible lLLL^^I 

pV = mRT 



V={ m 3 } 

m={kg } 

T={K} 
R={J/kgK} 



-,lill 



/<SJJt». 



jLUI aH^= 
jLUIdul3 



Jj>UluUuLui 










•.(^yj VI £_ I j '^•-i" ji^~^ 1 * j^"l (Ji jj-^ 3 o-* 3 SjIXI j-lATlI Lc^jji j"'^~~ »3ii cj^?L»-!Ij 



Jli- 


f^LUJi 1 


j^I 


*Lo Jl ^JUI J_^>«J 


melting 


jl ^ ,^.*>VI 


4_1_9 irntl ilL>. — 4_)}L^l]l 4_1L»- 


*La jL>J J J *UI J_^>>J 


boiling 


jUiJI 


S^liJIiJLJI-iJjl.nll 4JU 


*La J J *UI jL>J J_^>>J 


condensation 


1 >. ,"<^-l~n 


4J9 11 nil aJL»- — ajjUJI aJL>J1 


^ ji ,m j^ 


freezing 


jla^cIII 


4 'N l^aJI iIL>. — 4_Ij) 1 1 nil ill*. 



-oUIJI^I:( \-\) Jj 



Ju3- 



.(^jj>JI 1 La » 1 ia 1 1 J_Ic ajlj^>JI 4_»-j.l s-SLjj ? _a *'-*^ 4 1 1 nilu jjIaJI j-tiu <UL>. tc-l^jj ^J I O-ll «-ijjj_IIj 



r(°c) 



100°C 



k 


j_Tj-».1I iUii^ll t llr r 1 ^ll jjUll^ ,i" 






^ / 






7 




a_i.uu.-a _]_il__u 


t ^L 




/! 


» 1 |"| a 1 L^ 1 1-^- 1 




/ : 


( y g- v f"> J 




1 




► 



V / V <? v(m 3 /%) 

*Llil ^—Cj-ll /_*_•_! «_a SjIj^kJI ia-jJ 4J3}L_ :( ) — )) J^— ■* 



(_3j_tJj A-li—- JJ-J ajlj_i»JI A^>-jJ jL_ (jj tail JJ»" ) *UI ^Lj-lg. aJL*. IL. 4Jl (<u-uj-ll I jui> IL. _-a»^Lj 

JJ j^-s (j-a La aJiLa 4_I_= j_J_J 4_sj}L!l sjIj^kJI ^^-j (latent heat) AJLaL^aJI SjIj^kJLi ojufc SjIj^kJI 4j-*-= 

Lg-Lu thermometer j^Laj_ajji] I (3j>-> <j-c- Lg-i-uLi- ^ ^— gj ^? «jlj^>JI <>j_fcj «jlj^>JI <L»-j.} 4- «-sLjj jjj j— *»^ 



Jj>UluUuLui 














*UJL! x-t^illl «jlj-»- J-a g-j mull i ta ♦ I >> 4J3>Ll :( Y — ^ ) J^- 



.ajlj^>JI CjL>-jJ ' aTLJe^a Jtlc Jj^-lLJI tiajLi-uj 4_i^5L>-j (_P'J) i nil (j_/Oj-"^= (_ylc (j-ua-Lj J*— a ■"■" I Jui> 
.(_;,£. jjJI /<-je->J I j-tATu La-Lu ^j-UJU lLjji iiaj| a ajlj^>JI 4-»-j-i > jj' : -— " (^LlLa ^jLlUJI )jjlaJI j-l*j Jtlc m 

c^JL4= lil >LL*a ( superheating ^ -^ -) ^-" tl » jLLJ! *->-ji o-c «jlj-^>JI *->-ji 4- ^^-dP' '-Ah" " 
4-^-jJ (jj ii._L>.107 o C j_<k ^j-^j ->".tl j|j ^q jjLa 107°C ^jk i5>>JI .U;,>,tl jj^. ^Lo «jlj^»- ^>-jJ 

. 100°C ^a ^3^JI .Ui.MI juc *UI <jL^ 
i^jLtLtll 4-^-j.s (j-c La <JjL_u 2jIj-=«- i>-jJ 4- (j^Laio^l jl JuLaj subcooling ^jjJI J>j>j1!I L A> j y " 
_9__ a> ^jjJI Jlj^jIII jl jJLo (jLa 95°C ( _ ;r jk (_£^_>JI Joi tiaJI JlJ£. *Lj «jlj-=«- **-j-5 c^JL4= I jj Mii^s 

. ioo°c ^ ^^>ji ,u;.mi jj<l *m oL^ ^.j-i l)1 ^p-5°c 



Jj>UluUuLui 










dJjuJI kjLw» k>l>?- J JjtJL^ 

(p-h diagram) ^Liu^lj .U; .Ml lLjIjJ^ ^^ SoLli .MVI jlj^lIJI Sjjj> *bf JjIjq j^ JU-timVI 4juLiJI 

T-S Jajlj^>. (j-a VI m" ml J-J^=f p"h lLjIjJ^ (jij^ (T-S diagrams ) u -ij L yu'^\ - ajlj^>JI 4-^jJ lLuIjJ^j 
tj^^j (jUkj jl (JjL-u ) f i il'it I (_LaJo I ^jlu (Ja » ^s A a JjlaLLa Cj^LS (Jl ^ . .i*« , U U ^- 1 1 Ijufcj 
J ' "J (JJ ^~~ > ' ** Sialtl 0Jt-jfc ^_j da La ae I , I {_yjs > i u tVI i_»_jL>JI (jr-lLc- f— 23 (jr-^J (jr'i^' ^d>^' "* * * a — ' 
daJuia (_£2 4 i i nitL) » i ilntl 3jIjj>- i>-jj ^j-a Jjsl ^JJ' : ~~ '"' ajlj^>JI 4_».jJij . U*a (JjL.u 4_JL>. ^_ JJ^-pJI 
jtj *— i ' 4 alajULI oJl-A ^_j Jq Iaie-1, 1 ^j_a (j-a-i VI i_»_)L>JI (_ylc- » 23 (_pJI 4-2Jo-lXl (jr^J .J"*.! i-»" " - 1 2 La * a — <_i 

JaJtiis 

(^rj-J 4jS'<WI a^L^JJ .(jLc. + <j3L-u) j^alaJI jj*" 4JL»- IL. Jj>jUI Ja-tx^j jj^~- .' *^p» ^^--j^ 33U:tJ — *- 

jl j i^. >\t t 4_uijjJI 3jlj_>Jl_i i_3j_*3 Ja-i lis (_£l Jl_Lc (^yxILibVI CjLjjI Jlj>-j /^-l^- **j)>- <La it i u~A\ /_Ja3. 

*-a J_23 4 LaL^aJI «jlj^>JI ojuk 4_a.ua _j| ,-.1 t; — .\l a «_a (latent heat of vaporization) Ju^jll I Ja-4 ■ ■■j* 




tyilliiVI 4lU_ ^ ,u;,mi .uu> :(X-\) J^.t, 



Jj>UluUuLui 










(A)/7r),U:,^tl CjIJl^-^j (log/?) i La La k i 1 1 4_u_u|jJI CjLuIJls^I ^Jbj 

.(kJ/kg) ^.tl".'«VI oIjlvjj .UU^-^lt S-t2^Vl oLuIjlvVI ^^j 



i 


L 


^ 












q 




1 












• • 














r , u • . ^ \ 1 , - ij <" , u.j u -*. 
















































► 



^liiVl h 

p-h i LaJaJeja (_ r ^l ^JLlu 2 I iJsLLa *-^iJ-p ' J *■ J JaJLua] I Cj^-lJ i Laa La ^- :( 1 — V J^— i ■"■ 



Jj>UluUuLui 










: (kJ IkgK) S jLs-^j j^j (s = c) ^jpj^l o^u .t-.jU-^. - V 
IjJI oUoVI ifa-lJ Jj-a «_a (diagonally) 4jj_LJ9 .UjU-Ltl ^ju*, jj^" 




(S = C) ^j^j^l Cj^jj Jafrtaj. :( — ^ ) J^a-i 



Jj>UluUuLui 













. °C «Jl>-_jj (j^J JaJaieJU J^ ■ ul (J] iljLa i Laa La -^ 1 1 



i 

p 


k 




V^ 










H 












^ 


y — t=c 






o y 






1 






/ 50°C 


/v 




KJ J 

o X 






J 














/ 20°C 


1 \^ \ 
/ \° \ 






o y 














7r \ \ 










0°C 


Ao i 








l2|8t#tn2&ICA*iCftJP 




^J&VI 




h 



ajlj^>JI 4-»-j-} '-^^p JaaJoa. :( "\ — 1 ) J^— i ■"■ 



Jj>UluUuLui 









: (v = c) ^y^-jJiJI *j*j>JI Cj^jj JfljJaa. - 



(_yjfej ■/- i "IjJI oLso 3 Laj i u ' (Jj-« Ajj'j *-« *Jj" ' J d>^ .J ""J -r»".tl 4 £u» //■> ^i^il! *_3e->JI ^J_ajJ 



(JJ- 



^=u 



.(JAjji 21 <Lp»-lJ jL i>* Cf^-J-^' t'^ 1 *-^' < - J _W^ JajJoa. .1 1 kg a Ju»-_a-) jl m //eg a Jl>-_jj La I 







h 



Jj>UluUuLui 










: dryness fraction (x)<_aLL>J1 J-aL-a - ~[ 

j j *-—> ' j .(j-LaJ-II /J j jl injtl 4_ij*.LJ (j_a ,_Ia i uttJI 4 2 La * 1 , 1 ^_ jL><-> (Jl (_pl i u (j-a jjlaJI j-<-*3 jj 1 '" - ' ' 
jLre-iJI 4_xa^= 4 1 1 n t i_3j_*3j .jl i njll (J I (j-Lc-tll "*_L>-IJ (j_a o ' "J "* * * 4r (J- 1 '-'- (jjU J^* 1 - 1 (j- JJ-^' J- 1 -*-* 

J aLtxw J £h^' ^t! "-"3^ ** J*^ - " 1 ^ 3 h^-itl ^tj Lij tola 2 alaltl o J ifc IL. J £h^' ^j "^ 

. dryness fraction (x) i_aLL>JI 



Jj^jlII .U^,..jt 4_JL^=l!I 2l",^-,tl /jj^xUI ,U^,..j jt-^j 21",^— = ■ alA^tl J^aLta 



'",. 



X = ■ 



III 



X 

m 



: Ju^jjJI ' t-> i . ,,a J I". ^— i 

( < X < 1 ilia^JLa ) 

La Jl-Lcj X = 1 j j ^— i ' JtJ^xlII lLs-4 i "J jLre-J *_i-iiuJI Jaj. Jiicj X = jj^~~ ' ' (JjL-uJI f j i*ii~ Jaa. Jtlc ^lia^ 

oJLib iL-J ' ^^r^' ilajauij 4jj^=J ij^uiJL 10% (j_o^=iJ J»J>jlII Jaj-mj jUkJ *^a-^3 (jl (-1«J X = 0.10 (J_o^=lJ 

JlJ^jjJI i La-4 i "J jLio <L_a^= (jl (jyJ-»J X = 0.90 jj^~~ ■_' Lajilcj (JjI i nit * j mi" II . U^ JJ ejjJsl jj^~~ '"' <UL>JI 

.jlieJLI » ,iu,i"tl iLai. (Jl u-SjJ3l jj^" 4_!L>JI ojufc 4-J J^>-^' lLjj-uJ 4±1^=J 4juiUb 90% (j_a^=J 




■ aLl>JI J^Lua .UjU-^ :( A — \) J^ ■"■■ 



A \. 



tlijuJIuLuLui 










LSjLui aj^^aJdl Jqj LajJI j^ »' <u (R134a) Jlj>»i!I lLjL-uj Jl^V *L*J! J^ .fall 7c-^jj ,J\ cJI J^=lA!Ij 

J-~~ ■ -'"^ 4r ^j' ""' ' *-^'^j **- UJ Lu^-Zj Ju^aTJI lL^jLuJ Jj==>j 

P-fldiagranri far R1 34a refrigerant 




1 DO 150 200 

Enthalpy[kJJk<j) 



300 350 



R 134a J^j-ui\ <Uu,tjl p-h ,UU± « : ( <\ - \ ) J^=_i 

.4_uJL>JI ojufc I ilia, (p-h iUU>a) Ju^iliJI J^_)L_uji . t-» "\1^ -^ ^j-a .SJlC Jo~aj 

: (ji_>o jl (JjL_u) x_u!ull!l ■ *i alaJja Jiic Ju^jTJI Jaj i "j^ 
^_ j mmVI Jij—q-tJI /- ua^l ) ^j ^— " La LJLc. ( jr - ifcj * i mi"! I ajlj^>- 4_j>-j.i ■ Aa: 3jlj_>JI 4_j>-j.} m 

Z?«r * '^J.'J "jb"* ^J '* J^ '^ LtaJLuaJI a-Aj tilajLuaJI ■ 

- ' "J J' ~* ' f ' '"'" 4 — 2ia-Uj V i_3j^>J1_i 4_jJ] j_aj_i gjjl mJI » i i"i" *> aJaJLa (j^) (_ y C3— ill rt ■*■•>!! B 

kJ /kg a Jl^-^j ^yAj ( /?" i_3j_>JLi L^JJ 

U/kg ~t>Ju^^L = h" -ti ^jLd ^^(L) 4-LaL^=JI ajlj^»JI ■ 



.n. 













2 jI>^' ^j- 2 


.Uimtl 


(jr £.^ii\ <^xj>ii\ 


t^xllSiVI *1LU 


2;„l<£-,tl 5j|j -wtl 


r{°c} 


/?{tor} 


v'(l/kg} 


v"(l/kg} 


h'{kJlkg} 


h"{kJlkg) 


L{kJ/kg} 


-26 


1.020 


0.726 


188.56 


166.35 


381.71 


215.37 


-25 


1.067 


0.728 


180.67 


167.59 


382.34 


214.75 


-24 


1.116 


0.730 


173.18 


168.84 


382.97 


214.13 



jj^_pj| tiajLu/j (Jjl ju>J (JLii-d : ( Y — S ) (JjJl>- 

.JlJ^jIJI 

: 4_lILjJI 4_!!La2l /— Lajt-i < Jj_jjjJI JajLj/j (Jjl Jl>-j (i2)l La-Laica) ilajlj^- (Jl ml 1 ul (JLc <_)jJijUj 

CJJ-JJ JlJ£.) LuLlLol <L2Jl>. *U 20°C Sj!j^>» 4_^-jJ> JlJ£. ( X = ) » I u.lfl JjL-u (i?l 1) JJ>-U buuuljl 
50°C SjIj^kJI <L>-j.i JUC U-iiu-a JJ>-»UI ila-Lmj jl^— li! JLJ/fliJI tla-Lmj aJL>J C-sJ^J ^JJI j-til!l La .£■ 



: r = 20°C Jl^i ^JLu^Ij lLjLl^JI jUJ ^mj (M 1) Jj>xL!I .Uu.^ ^UJI JjJ^JI JU«"m,b . f 

p, = 0.889 tor h 2 =2\126kJlkg 



:( ^ ♦ — ) ) J^— ifuJL Tdisj^s I -1^-— (2) SU^:t| jjJljjo /«jj ti*j2 



0°C 



AY. 



Jj>UluUuUi 










R11 


r 


o >^ 

yr 50°C 








o 








° i 






20°C 








/ 
/ 








A^ \ 






/ i 
f i 




0°C 








2 


2' 


#\o 1 


► 






Pj = 0.400 tor 






: LJLlJI iIjL»I,l JaaIj^j (y)< ala^JI J^aU-a <_il uuJj 



x = 



/i r -/i f 



ft x =211.26 U /kg 

h" = 390.63 U/ kg 
h' = 200.00 U/ kg 



: ol ^tP-J 



= lP] 



217.26-200.00 A ^ 

x = = 0.09 

390.63-200.00 

(x = 0.10) ' <J) flgJI ' I alA-s-tl J^abtja 2^1 ki I ua )| ^j^— i i ) Jj^jjJI i taj ■ ua 4_Lajj_>- (_ylc («-i-ujJI (j-«J 

",jj^~~ * ' 50°C * i iou.li 2jIjj>- A^»-jJ Jtl£. .r- 
p l = 2.379 tor Aj = 244.61 U I kg 



M. 



Jj>UluUuUi 










x = 0.25 



<LLaj^->JI A-a (x) I alA-^-tl ^j.aLta s*I^JS ^j^-— a ' Liajlj 

-.^LlIL^a (x)i_aLL>JI J^aLta <_sLiu^ jt^y 



244.61-200.00 rt „„ 

x = = 0.23 

390.63-200.00 



-:YJUU 

4-LaJi i ^~ *_) (x = 1) j — 20°C ajlj^>- <U>-jJ Jl-Lc ^j — o^sbjO jL><-> (i?717) Lujjj^I Jj^jjJI i Laj i aj 
Jl_j_jjjJI ila-j -"jf j^^j—LII n -r -», II j i La » I a II i^—iJLibzl Jlj>-jI .100°C ajlj^>- 4_j>-j.i ^Jj (—jj^pj^l Cjj_jJ 

.uL=U^^I 

p-h . UUvt ^ ,,^tl 




^JlSiVI h 

(Y) JliU p-/l JalaiJL^^IK U - l)J^i 
.JaU.^^1 Juu (2) SUSit lj JalJL^VI JJi (1) 2b| J.JI UaSi £-^jJ ( U - \ ) J^-i .'j.tl 



v ? = 0.178 m 3 /fcg 



p = \0bar 



h =1680 kJ/ kg 



Ao. 






.: LJlllI JLJ/fltfl i La-i i uj Jl_y>-I -5Jl>- ( X = ) » nVitl <L>.j-i J j tlaJLiiaJI 

U^= y = 1 95 kJ / kgK ^-sjj^y j h = d^akT/k s ^.tlV.yi^Ulr,^ (1) o5| .r. ; VI ;Us;t l v>^i .| 

p 1 = 8 Z?ar V] = 0.028 m 3 / % 7\ = 80°C 



h 2 = 230 U/ kg T 2 =32°C 



.n. 







j-j^=»I w j'o cjIjLLII Laf .Ul; ,^;VI 4j« <,-> aJLjL^JI jIjJJ L«_Lu lUU ^''N 1 aJLLs jj_c. aJL^JI jIjJJ < 

1 ul » , VmI 

«jlj-^«- ^>-j.} ) *Jjlj isjlj^>JI ^-J- 5 cJ^J (jji^ajJI ji AjjLiJI <UL>J1 ^J\ aJo-U-JI ^ oU.1 j-uu (*l_ui )ju£. < 

.(saturation temperature ^..Vitl 

.<LLaL^=JI SjIj^kJL) l_3j_*3 J^>-I (_JJ JJ-^a ^j-^ (Jj^cjjJ 2 jU.1 ( LfcjJLaj jl ) I j 1 1 .."^-." /Jill 3jlj^>JI 4_La-^= < 
jj-LaJI jjJu (j-LJ>. oLal? 4_lL^=JI 4 l"^-i ]| ,J| 4-lj i n i a 1 A-Lut^a 2jlj^>- A_»-jJ Jl-Lc t 4_jjLi]l 4_La^=JI 4 1 t «\ < 

.( X ) 1 aLL>JI J^U-aj i_3jju 
(Jj^so (Jl_aj^=l Jljuj (X-0j(JjL-u (_JI jL>>J (j-« (Jj- 36 ^' <*j| JlJ JlIc 4 li I" ae 1 1 Jj_j-uJI JajLj/jJ Jjl Jl>- <3a-C (<lj < 

.^J-LM (^tj*Jlj (^^JVI 4-l9 LlLLa (X=l) jUo (Jl JjL^JI J^= 
j^^->*^ ' i_3j_*-i * ( uul\ 4_»-jJ (j-C - (j\s-a JaJI La Jl_lC . Jl-J^jjJI lLi_i ■ ua 3jlj^>- 4_>-jJ ^_ ajLjjJI < 

.(—ijjJI JlJ^jjJLi i_3j_*j 4_»-jjJI cdJj {j£. (_wal aJo *^'J 
/o_3ej>JI 1 j^^—i^Li^f I t 't"» 1 a 1 1 t ^—JLiLi^fl : 4_jJLjJI t^^ys'j ~>tl (j"U-J (p _ h da La-je^a ) Jl-J^iIII JajLu/j Jajlj^>. < 

■ * 1 1 11" 1 1 J ij - ^^ 1 "*■"'*' Jfrlal ' a Cy 6 J^"""* Ar ' ■•"-'' (J^aLLAj ajl^jsJI 4j*-jJ 1 (_ y C^a-L!l 



.^V. 













JjJl^JI 4- ^ .'J LLai.1 CjLui^=JI JlvjI p-A ukjlji*. ^La-tlma <4_l!L1!I 4 i^iq^I.1 Jlj^jjJI lLjL**] 



1 t-. 1 . ..J 


Temperature 


Pr essure 


V 


h 


s 


°C 


bar 


m /£g 


U/kg 


U/kgK 


i?ll 


60 








1.85 


#22 








450 


1.90 


#717 




4 


0.5 






#502 






0.12 


400 




R\34a 


30 


2.5 









t(JjJu>JLi ^ i^.<a1 /tl CjLi a-^aJI Jl>-jI £ Jj^jjJI JajLu/j (JjIJl>- (Jl at" i nl_) (Y 





Temperature 


Pressure 


v' 


v' 


h' 


h" 


°C 


bar 


llkg 


llkg 


kJ/kg 


U/kg 


#22 


50 












#22 




2.455 










#717 


-20 












#717 




17.346 










#134a 














#134a 















t^^sJI ilai <^tl Ju£. Lflia J^ 1 — t (jLtiiJI <Lxj.i J^-jf ' <LJllJI J^>»^l lLjL-uJ (j-a J^— t (V 

.#502 i Rill i #22 « #12 < #11 < #134a ^ ju^l l^L^j 

X = 1 J^_Lcj X = J^_t£. (jr^-J— <-!' 4_»j&j«- 4-Lil intl Jl_j^j1II ilajLi-uj (j—a ilaj 1 uj J ^— ! J^-jt I uajf 

■ l£»M .Ui.^tl jj£. cdJij (L) 4_LaL^=J| ajlj^>Jlj 

(s = c) ^jpiVI o>j5 £* o s = 1.76 kJ/kgKj T = 0°C {y» *Ui u» <<£ (#134g) j^ul\ .Ui,,.j (£ 

. .UU.^WI jjuj Jjl v (j^j-LII f*^>^l ' ft^JlfuVI ,j-a >L^= J^.jl 10&ar ^,1^ 

A ^-1^— > j^" "I 1 r = -40°C «jlj^>- ^J-J-iJ -f = 0.2 1 aLia. J^sLta Ju£. *-±A-a (#717) JlJ>»J .U_....j (o 

: Jl>- j I . 7 #" j I JuLa-i I ' -^ 1 Seja «QLt>- a j '^><-I I (]_>-a 
-U- 







t^VI ^C l_^| £ /?22 Jj>-<jJI Lta-Lm^! p — h lLjIjJ.. JU-jlL-uIj (1 
Cjj_jj J Ic) l_uL)Li.M 4 all*- /<sj20 °C ajlj >- 4 »-j-S J Ic X = *_i £ui (Jjl i_u J^_j^jj ilaj ijjJ .1 

: J^-jf (<u p — h '1"^« (^JLi LlUjJI <j jub *u-ujl . - 20 °C «jl>>- i»-j.s J j (h = c (jr J\5o$\ 

Cjj_jJ J—gC 4JaJl La /<u (x = 1) J — 20 °C Sjl j >- A_»-jJ J 1c ^j— -r»^ jl_ c, J_j>jjj| Ja_L_u/j .<_) 



A*. 







Vapor Compression Cycle 

Sjj-S (Jiaj 2 la A £ a 2jjj (ja ^-i" j '-^1 Le SJlC ^j^a Jui^_<jJI 2jj-> (jj^ - *"'" •( SOUrCG f - j - La ) (_ylct ejl_^». *-J"J-^ 
(_^al '^-""l (jr-^- (J-a-«3 x_jlj^a 4 La-i m-dl jl_Je_JI lLs! « '^»'l ^JJ-^ (J -" '•""•J ^£>^' t — ''JJ-^ to-** 1 ' J'-' e - L ^' <JouLuaj| 
j L _jj_uJI , U'\l , „a « Sl^qJLI 0_L_i& /, a ' uJj ■ Ja^.1 uaJl <Ua mlaj tiJLIjj j ' uaj, I J I I j « a > ifl ( i »^tl ^_a 2jlj_^>JI 

.(refrigerants) 



.t.. 



Jj>UluUuUi 













Expansion 
valve 



Condenser 



ila.C 1 ti 



^3 



Compressor 










1 < 




Evaporator 









jj^illl ojj jJ (flow diagram) (—sLu-oJ^I .UUA.* > ( ^ Y — \ ) J^=ui 

: (compressor) O^L^l .1 

(j_4 f'j-it S_L£. cJJLuk Jlj>-jjj .(JLcVI i Lai JaJl ^J] ^j a a -*■ ' 1 , 1 lLjJ» tiaJI ^a Ju^jjJI ilaj ■ ua da-Lia iJjLij 4lla.ua a 
i La C I j i a j 4_ujjJL>JI < 4_uljjjJI < 4_jJJpJI i Lag I a uaJI Lg-La j^=JlJ JlJ^jjJI j-jIjJ £_ 4 I ml uA,\ • La C I a i a 1 1 



.n. 



Jj>UluUuUi 










: (Condenser) . av^il 

4_l i Laj jU,I j_>JI (Jl SJljIjJI SjIj^kJI 4_l«^= (j_a jvaalseljl 4_La ^^pajJiJI (_£jljj>. (J.}Ll« ^j-C- 2jLlC J-&J 

' fl-L^ad) J^£>-u (*j_j La LlILc.j -(T^^ > T^Jaj jJL) lLs mjJI ajlj_a- <*_^.j.} (j-* J^-^=' <— dl^=J,l «jlj-»- <^j.i) 

.*ULi j| ((_£>_l>. jl ^y^LiL) *I_4jJL> 



: (expansion valve) jJuLlII . j jl*UI ^ L*^ .<_j 




jJuolJ! »U^2 :( ^ V — ) ) J^-i M, 

Jj **- il 4—jl^jt-i <i • .." ) < V i U Jail La J I I a -i ^-— 1 1 1 Ja-i La ^j'-^ aa. ^_ Lc ^J—oju _}J aTJI di La La / ,--> 

JjLj jj_a Jlj>-<UI dsu —j Jj^tijj j-*-^' l^I ^d^^' '^j—j o^lh-" J Juca 'Ar p ^ """"' ^ j^=j ( throttling 

(Evaporator) jitJil .£ 

(jj_^ajj -i>^-U ^ -l-L U jl -i><-tl j— L > JI (_L>-I J 4r UJ ^aJ j-L-mljJll <j^a A-Cjj^^a J-Aj JtJ^-ilII i t-n i nj JJ -Lhf-^ 
(jLjij—u/ Jl_Lc .j-ie-iX I 4_J^»0 Jl-Lc 4 i iaAse * a aj|j^>. CjL>-jJ>j ^_yaAse * a JaJtjLa Jtlc j-llju l_aJl I oJufc (_Ji.l J i Ia_4 1 "_J 
-S_>J-U 4 _ 7 J».jL>JI j-L>JI {_ys j I /j <^. >M t 4_LaL^aJ| ajlj^>JI ^^al LalLal ' ^J-Sj OJufc j_je_j, I j-<-i-u IjjJ ^_ JlJ^_lLJI Ja_uj/J 
T.^J-^- J^-Lc J j-je-ia-l? 4 i i nitu JlJ^jjJI i taj i ua J !-><-> 4_l«-^= 4 1 1 n > S^Ljj 4r '- ' ' ' ""' ! "JJ^ 1 'j^J ■5> t i' g"Hl J I 
d",U , „lj i -j ^-. a » «_,j^ta (Jl ml i ill ^j-I *ij > •> ill 4_!_ai>-J lH- 3 l ^-L1^J J'-' ^Lv 4r >jj ^~~* ' ^£hP^' J ' "J 

,UA 1 i>.tl JJ i U X'a Jui^xlJI i Uj . „j jUkj lit-i ii 
<LajULa ^j_>.| Jlj-a (_^l jl aoj-IjJIVI <j_ij^_jj| < JljJu>JI i (j ■•< Se LI I (j^a > jj*~~''*' '~''J ^~ 'J ' ' "'J a P a 

. Jj^-pJI i taj i "j x_a J^ I fllil 
-tt- 







Simple Vapor Compression Cycle (VCC) ^ki^dl jliull feUi^i 3^ 

4_jjJaiJI SjjjJI j| Rankine Cycle. £% ^~>*<lj ^JJ-^ 1 L-^Lp^ 1 -^> J " ^i mx!l jLsbjJI JaU uaJl «jjj> 

Process 1-2: Isentropic Compression (S=c) ^j^pj^l cj^jj aJUx. 1 — » 2 aJUjlII 

4_ JljjjjII ila-i '"j LLai '^ /<u_J L&Jljljj (x=1) jL^J 4_JL>. IL. jj ^-— J Ja£.L»iaJI J I JlJ^jjJI ila-u-uj <J.£*0 Jl -^ 1 _ 
Jl (1) 4_LaJii!l jJLc lit mil ilai La (j-a ilaJi-JaJI jl J)j_J d-p- ((^.jj^Iu^M l1sj_jj ) ^ ...^-./~ 4_uL)h.}i 4 Jof 
(j^— J L^aLjLaLujJJ (Jj^/I tj^Jl—SJI aIjlst" i uLij i La e I uail J* mi <JJl_i /<u_j 4_jJLcj (23 LaJilll ) Jj_LaJI ilaji us 

-:<jl Jl^o (2) j (1) (jrjlLxaill 

W c =m(h 2 -h l ) 

W c = {kW} lLLL^VI Ji-i 

h^iU/kg} (1) SUa:t< LLc .tlV.VI 

/j 2 = {£//%} (2) SU^:tl jj^ ^ISiVI 

t/-jVI ( _p3j-aj dJJjj 

ctlLj-ibl ^j^-— 1 'J I Jl>- J-Lt.Lgl <L^3J^>Jlj X-lisjJI 4J9lLs '£-J-L3LJ}\ ~ 

Process 2-3 Heat Rejection to hot ( lLsJLloJI cjj_jj *_a ) < af^a-U ; «jlj^>JI (jl j_2a 4_lUx,2 -» 3 4_lUaJI 

region (@ P=c ) 

14- i^JJI Ja-pJll J^JI (J J SjIj^kJI jl jJl3 /<uj (3) JJ (2) <j-a I au£=al\ I2_ J^J><l!l Ja-Lmj (jLjJ-*-" J^- 
I JtJ_j-U ^j_j_l lL— L>- (_^a ^-1*- ' aJL>- ^_ I V*.^-.tl ( Ji.Jj Jj^_l1II Ja-Li "J I V.^-. 1 1 2jIjj>- A^»-jJ ^j^a (JJ2I ajljj>- <L»-jJ 
^-Tc^. 1 ■ a\^~ i Jljjjj ' a i^-»tl ^_ Jlj^jTiJI i-LLaX. ,jj ^-." Ls>J_jlj * i mi"! I i>-j-i J I JaJLiiaJI l1)_jjj x_a L-uj i nra 

■ 1 1 i mi a ^M_jL_o _L)^lJI Ja-Luj ,jj^~~ ' ' L&JlIc (3) <UaJLll I J I Jj^lJI Ja-Luj J '^" 

-t^^^ (^QcJ ' fll^aull ^j-a 2j>j-2-<m 2jlj->JI 4_lc^= >jj^~" '" 

Q=m(h 2 -h 3 ) 

Q - {kW} ' ^i^-iU J>U- Sjjiail 2jlj^>JI 

/j 3 = {fc//%} (3) SU^:tl juLc ^liLVtfl 

/j 2 = {fc//%} (2) 4la2UI jJx ^JliiVI 



uljYlSi^l JjJ ^ ^ j_*_S_U! 




Process 3-4 Throttling Process (@ ( ^_JL__^I cjj_j_ *_a ) jJl_»_JI »Ux2 J}L». J-Lkll 4_JU__3 — > 4 4_JLa__!l 

h=c) 

q ^ A ^- * 1 1 ,U. . :- tl JJ JJ »__| i ^ ,^-.tl iU. . X ^j>» A-^. JJ (^j|3 _._La_JI ,al-a-__> (J^L>- (<uu _-l!l (j-L>JI <LJ a-: 
,J_L>JI 4 jlof jL-i-_Lij 1 a j ,>.A-^. V1j -Lai l-JIj Sjlj__>JI <L>-j_. (j-a Nl .=3 3 — > 4 4_JLjjt.II -L. .(4) J_uc jJt-ujJLI 
Jl (_L__> jUll 4_jjIj_>JI L-sa-Lal *' J U (JjVI ^jjjL-JI (Jl <<" 1 11U (j__=__a_ ((JJL-u (jjl (Jj-i _jij_Uj 4_uLij| 4_cJLs__ 0_L_> 

Process 3-4 Heat addition at cold ( l!_JL___!I cjj_u *_a ) j_j=__t,Li SjIj__kJI -_iL_a____jl 4_J_a__ 4 -> 1 LJU-JI 

region (@ P=c) 

Sjlj--K 4__wjj (jj____U t_U_ l__ 'J ~ ^ 4 jj ^ "'J^ : -.'^.' -^1* '^''^1 - J .t4 — » 1 Sj_cJ_^?| 4_JLj_«JI 

(J_«-JlJi9 .j_ie__U JJ lL-o-kJ ,1 j-L>JI ^j-^ ' J lj- > -' ' (JL2j-11 _y ' ' ""' } (_r-= J-t-pJll j-L>JI 2jlj_>- 4_>-jj ^j_a JiM j_jt__U 
_]__! (jj_____i La LjJLc. _)j1 intl 4_uj___3 4 i i n \ ) ( J_L_uj jL>-> (j-a (ja___» a J>£>^ .! ' "J^~* J "" ' ^d>^' ' J ' "_? 
\ -» i i"i a ljL>_) Jt_i_j_i_JI lL-j- ua (j&___» ) (_J_>- 4_LaL_=_ 4_iJLa__ <>J__> ajlj_>JI i >l ■ _-___> I 4-d a g _jj~~~ '"j ( jLJ__JI ^j^a 
4-j i _____> 1 1 3jlj__>JI 4_La_== (jj____u <_L_J____!I ^J_ajJ J-tC 4jJLa__!l <J_L_> jj~~~ '"' ' a-_-_-ll _L_ 1 o^— i .( 1 4J____JI ) 

_^___k (j_i_-_U (_Ut_>_) La_-V L^_uj_«j _>-==» 1 ' ) j-Je_uaJJ 4_i____!L) 

2, =m(h l -h 4 ) 
Q e = {kW} j*hU jy^ "o^I-HI Sjl>_JI 

h x ={Ulkg} (1) 4_k__U1 _l_c ^liiVI 

h 4 ={U/kg] (_)*l a _-_t|jL_c t ^l_i.VI 



.ti. 



Jj>UluUuLui 










iLa-u-oJI J^j-ui\ SjjjJ (state diagram) 4_!L>J1 .UU^« :( ^ £ — ^ ) J^ & 



- 4 j' : — - Lj-al * ' ja a< Lxll i— i Lj-Loju I ^ — aej a 



(_)[« jf 1 (jjjLflJI 7-l~i"itll 

1 st Law Analysis 


Key Relation 


Component 


iA«j«JI 
Process 


W c =m(/* 2 -/0 


5 2 =5, 


rnmprpssnr ,UAI,^t| 


1-2 


<3 C =m(h 2 -h 3 ) 


P3=Pl 


TonrlpTKipr , U~,<^\\ 


2-3 


h 4 =h 3 


\=\ 


expansion valve jJl^II! Axjua 


3-4 


Q e =m(\~\) 


Pa = Pi 


evaporator >*-A' 


4-1 



Lka-U-u-iJI Jj^jjJI ajJ-S CjLlLj^I (_^aitLa :( V — 1 ) (JjJl>- 



.to. 













SJWI S^SI jJI 4. gjjVl JaLUll o^U L> ^i t L Jl eJI JjJ^JIj 



J3 kjl 


X 


2Us;t| 


* [ i"i a jL><-> 


1 


1 


/wa-a-geja )L>^-i 


_ 


2 


y inia /Jjl_i_u 





3 


Jll , „tlj jl i. itl £j a 1 U il-^. 


0<x<l 


4 



3-ta-Lmxll JlJ>»UI 2jjJ i_LUiJ (j-a J^ 1 — 4JL>- : ( i — \) Jj Jl>. 

Performance of VCC aUj.njtt JulaU.^VI jo^oJI Sjjj *bf 
Refrigeration effect (RE) ^jj^ail^tdl - I 

^_ (l)j(4) ^j-i" U^'tl ^j-U (—JLliJ^I 3j-^ lP-**- 1 Ly^J- ' * ' "* a 'J^* '^JLh^*" Cr^*" J-' 6 -'"^' ^45*" J ^ L * J Lh° < * J .1"*"^ 

Input Work (W c ) JaU^^l jJL<i . M 

(3j_a jL>jLi lLs! » <^»iVI (JJLiIu l^uooj ^j LaJI LlaJi La /J! (.it mJI Ja-i La ^j_a Jl-J_>_lLJI sjJ-S i-LaJi La f-3j J J 
.SjjjJI ^_ Jj^xlII Ja_uj/j (juj_ij/ (JjuLA 4_ I ) aj 1 a a 1 La C I 1 a II Jl Jj^xlII Ja-Li ua (_}i».Juaj r-j^ita <j-u ^yijQJ^fl 

W c = mZl/i 

:^jfe( W c )Jal » La-l i\ J* i"i ,jj^~~ » ' ULlLuj <L=ea-ajJLI sjjjJJj 

W c =m(/* 2 -/0 

Evaporator load (Q e ) j±A\ J**. . ^ 

(kW)j^<J,l /tl-UI Jl -i>J-ll j— l>JI (j-a jjjejjj 4Jbjj i_3o-<-u Jill ISUaJI Jjut-s (j^. jJsji,l J-a^s- ^j^l j_l*j 

. ^-J,l (jliU jDj-pJL! (cooling load) Jlj^jUI J*>> ^^Li Jl<Cl<j I jukj 

i j-a j)\ ^-» 4_lI>1 a Jl-^-U lLj-i ■ •■J^~~' pi 1 n"Ll A-iUI aJlJt" i u < ^1 ^— > -^— ljjI ^3-ul Jlj^_llII j-u2lC J-^j 



.n. 







(24 jl^Ij ajj 4_«Ji!l ljufc jL^uaJl *u lJ>La 1 288000 BTU (a-uLLj^-i 2jIj_». «Jl»-j) <_>^-*j i_3j^ 4JLa '.*Ji!l 
: Jj>j1!I jjlaj 4_t£. jjaj U I Jufej 12000 BTU/h jj^j 2jlj^>JI ^^1 .v<«l Jjm_a jLa hours) 

(Ton of Refrigeration, T.R.) 
:4Jg.j-LiJt^JI ij^->V 4-JLitl 2>jIjJI 4-(Qe)j^U J-*^J 

£> e =m(h 2 -h 4 ) 

(COP) Stimuli JJ>xlll ajjjJ fl jVl J-aLuo . J 

S*Lo^= <u j L^a2j j-lj »" jJb (Coefficient of Performance, COP)jlj > j1II 2jjjJ ^bafl J_aLta 

• , La c 1 i >■ It 4_aj}UI i^LtaJI J I Lij i u i a j.ie.j.11 I j i aj i ) <_jjJI SJsLLaJI (j-a O ■ ■•'^-^ > . ■"'^-—_'J sjjjJI 

COP 



2„ _RE _h l -h 4 



Wc w c h 2 -\\ 

(in) JUj-lLII iia_uj<j (jLj-iji (JAxa . _A 
: A-iJLjJ I 4jjL»i,l (jja Jj^ilII sjj-i <4- ^iH^' L * a r! ' "J S^UL (wj) (jLjj_coJI <Jjut-a (j"4H" O-^ 3 ^ 4 - 1 

• e e 

m = — — 
RE 

Q e = j*hU J-*^ 

RE- (^jj^jIJI jjjtlll 

(_5 JJI (V) JlJ>j1II lLsj i uj 1 (— »jej>JI (jLj-cJI J Juta JljJlJ>o (>^=laJ i(lh = — — ) dJLlL^JI aJjLlLI (Jj9 

:ct--p> i-Lai: 1 uaJI <Ji».Jua Jtlc (v ) Jj^jlII . U^,..jt (jr cjjJ| /<sjjej>JI <Sjjl>3 Juu ilai: 1 tiaJI 4 j ae i uj 

V = mv 
La LJLc. ^^kj )?7 v Llwo. i(.\ a£=> 4Jj (reciprocating) ^jjpJI fj-JI (j-a J^>£!l Sjjj lLs^I us (jL£= lil 

: JjLtJ (2 Jl^Ij 4_ilaj 2 J^a IL. ) JlJ^jIII lia-u-u^aJ (V ) iaJjVI a^>- jj^—J 'LtLl (85% j 65% (>U jj^— " 

V = — = — L 



77 T] 



-TV. 



Jj>UluUuLui 










Ai^lA 4&I 



Mli* 



— 20°C J-Stitl »jlj-^- 4-^-J-* ' ^£>-p <1*Jl-ujj£= Rl34d J *" , m" 4_Jj-La i^-Mil! 4 l-n i uj JJ>-U ajjjl IL. 

Ijl io . t-»r.l liajl (Ji>-J 1 J^_£)-Li!l tlaj ij/J . 30°C i—fl—j^aJ,! 4 J^io J Ic J^-£)-<jJI tla-j i-uj *j'j *■ * ^O-U 

'.(^iVI (-(ui^-I l 1%/s Jlj^jjJI iWhmiJ o^dLH-" J-^*-" U^= Ijj ■(•* = 1) l«j Aa 

(q j , y,^_, 1 1 ^ * ; \j 2 A 1 1 ; j lj », 1 1 ,Y (w^).Uf-l ,>.!! Ji ,1. . ^ 

(COP) SjjjJUU J*U* .1 (RE) ^juj^1\jJ±A\ .T 




/*, =385.48fc//% 
fc 2 =417 fc//*g 



.U- 



Jj>UluUuLui 









: , lii « i>> i xl ^ji i*ii 



W = 



/z 2 -^ =417-385.48 = 31.52 *//*g 



^ =/z 2 -/z 3 =417.00 -241.63 = 175.37*/ I kg 



RE = \-h 4 =\-\ = 385.48-241.63 = 143.85*//% 



\Hc) ' n"^— it,l jjjs Sjj)iint,l 3jlj^>JI 

.85*/ /*g 



COf ^ fig _ 143.85 t//*g =456 
w c 31.52 U I kg 



/Jai La (J" (J-**2 ** La-i ■ u ) ajjl J (-jii Jj^-pJI SjjI J . . 25 77? j_4> . Tvl J4fl J q <" , u \ . J*>j-U ALiaj (J-4^>- 

:Sjl».jj ^Jj^ai Jji.V.t fjMJI Ji_JJI ,.,,., -J .l.OOMPoj 0.25MPa 
hp . <_i &W . 1 













p 










n 


3 >^ P = c 




2 




J 


.r c 


X i 


,11 


/ W 






P, 


/ 4 


p = c 








^ 


I 1 






RE / 


-->)♦ « - - 


— »i 












^3 = ^4 ^L^V! 


*. 


h 2 


h 



( U-1)J^ui 



.n. 







P =P = 0.25 MPa, P = P =1.00 MPa 

4 1 ' 2 3 

/j 3 =^ =256 kJ/kg h 2 = 426 *//*g \ =396 *//*$ 

RE = h l -h,= 396 - 256 = 140 fc/ / kg : (P£) ^ jj^l^ibJI 

Q e 25x3.5 



m 



0.625 /eg Is : (m) Jlj^^I ukj^j (jLjj_^ J 



P£ 140 

W = m(/j 2 -A,) = 0.625(426-396) 
= 18.75 JkW 

18-7:5 =25. 13 V 



0.746 

^ = 80% = 0.80 4_l*^»JI it\l£al\ ^r^Li 

(p-ha a j > iJ! ( > 3 )v i =S0L/ kg = 0.0S0 m 3 /kg (1) sUs:tl jj^ jj^l ,^,,,,3] ^^j-LII fi*aJI 

• mv 0.625x0.080 3 ... . 

V = — L = = 0.0625m /s Jlj^lHI Ja maj <l^I jV! <<u*^>» . . 

, „ 080 ~^- - -r J. f • 

1 V 

a_jjUe1II o^M <i«" mVI 4- ** *'jjj c (hermetic) J-iiJI 4 p^-^U iai.lj .Ml J-^Cl-iuj 4_Jj_UI 4.^ Mill 4- 

ij LaJI dag. I a La jl J O-SJl 4 ^^-.-»^ ' a La-Lll jl 4_>-j"i ii t, I Jag. I a LaJL^a |_£j^>-l p'j-it (Jot" mi jja aj i ■ *— • II 

,U1:,^;VI 4_JU£. jjl (_gf '.(irreversible) Lu^L^=uiJl V .U^)j,ut| ^ jyj inU.U.VtVI LlU-*-!! jj <^p» (_£J-^=jJ.I 

(Ji i"i 4 [ i n < i_3j_*jj . 4_JL>JI aJ^Jk 2— ■ul» .VmVI gjt i"i jl jj_i i>t._L>. j__ij_pj^(l Cjj_jj Ja -^ Lr-^- '-' ' "Ji} (12) 

(isentropic efficiency) ilujpJju^M syLa^aJLj ^^s^tl ,U1:,^WI Jjlj, Jl Lj.mla ^j^pjjj^l .UU.^WI 



.v.. 



Jj>UluUuUi 









J 


i 










p 












p c 


3/ /> = 


= c / 


2 


2' 














• « 

-5 






1 " / 
14 








Pe 


/ 4 


P = C 












~7l 






RE 


7 ' w c 


— »i 










- y---*|» 




^3 = K (^ISjVI 


A, 


/z 2 


^ 


h 



( w-UJ^Ji, 



^yL U-^= 0>Lc.l J^aull] (/7 ) ^LUjjpJjjVI S»l fl^aJI £jll^= j>^V 
Is 



h i-K <1 

h 2 ,-h, 



Ju^-pJI SjJ.5 #,| Jl (jyic -ij-W Jaju a J >->-Te.t.i,Jl Jai '^ jj"' 1 "' 




JlJ^jjJI SjJ-i s-l-il (jr^ Jj-^'j '-'"*"'" ^ 




.n. 



tlijuJIuLuLui 










(-/?£) i^JLj^jIII JJjt_ll! S-jL-JJ (J J lPJ-^ (P) Jai_iiiJI ^JJ (/? ) JaJLiiaJI <j^a I a!i^aXI 4- <-tai^a]| ^Lajol 
ilaxxuj (jLjj_ij/ (Jjljlxi jl Lgaajj (COP) eljVI J_aL*ja <L«_iJ3 IL. ioLjj LiUj g-xbj (Wc) '^* '"-"'^ J* I 1 ?' (J2jj 

. j£>jj jla J^— ; osj^UI SjJlIII jl ua2Jj j-kxtl JMi. (m) j>j>j1II 

(J^= 4-c->S ( _ ;r ic.(T c ) I aji^auJI <^>-J-Sj (T e ) j-LJe-LlII <L>-J.i (j-a <J^= j-jjLj O ^ — ^ )J^-i Mill 7t-i^JJ J 

. JLJ^I jlaJ LajMJI SjJLSJIj (COP) *bVl <>L~> <>a 



0. 

8 




! 

■4 




*_3>ja (Wg jcLalJi ua-i VI (JJLI/ j_« JISj (P c ) lJljj^=lI]I <^>-j-i ^^ aa.a (P g ) j-lJclIII «jIjj>- <^>-j-S S^Ljj 

.(COP) *bVl J*Lm JUjS 

•.jrjJLUI j-dlil.1 Jl>-LJ t J»J>j1II «JJ-i *ljl (j,^ -Sj-LaJlj <_csr mtl «j|>»- ^jJ^j-jJ (j-a <J^= j-jjLj (jLjxI 

(j^e_dj ) t_ <ir i n 1 1 ajl^_>- 4_»-j.}^jju . ( 1 ) 

»jlj_>- <<-»-j-} J— 1£. Jj^jIlII sjj-i s-'-M (Jj3Lta LiUjL^=j lLsI » Jaj * I (JJuI/j «.ljVI (J^oLta t_il i n~>- «j 

Rl 1 j£>-il!l i Vij i nj *_a 50°C ;_gjl i n" I V".^— 1 1t 



COP 


w c 
kJ Ikg 


RE 

kJ Ikg 


T 

1 E 

°c 


5.35 


28.23 


151.16 


10 


4.05 


36.37 


146.02 





2.63 


51.65 


135.74 


-20 



( 0- \) Jj Jo. 



.rt. 



Jj>UluUuLui 










<>mi) 



U-JI 



O 1 ^ ^J- 3 ^^- 1 



.(Y) 



3jlj_>- <<-».j.} J— 1£. Jj^jIlII sjj-i s-'-M (JjsLta l1UJl^=j lLsI » L^ajVI JJuI/j «.ljVI (J^aLta t_il i n~>- «j 

Rl 1 Jj_)-<j]I i Laj i "j x_<s 50 °C t^gjl i n~ I Vi^-i^lt 



COP 


W c 

U Ikg 


RE 

U Ikg 


°C 


2.63 


51.65 


135.74 


50 


3.48 


41.65 


145.03 


40 


4.58 


33.65 


154.16 


30 



(J-* 3 -*- 1 L^J'J-* - (J- i '-'- a UtP**' ' U^**.' Ar U *> *"' ' " ! ' ^dhH^' 'JJ- 3 4r- (jr'J^' ^dhf-^ li ij'^J'i sell I <^4" "T* (j-° J 1 '"""' * 
Jl— ><-> fj^-usj (jLajiaJ (7 4 t-»rt /tl JJ 1 4 LaiLul (j-/0 ) 5 A' Jl J-><J j-je_dj Juu ^j^a Jj^jjJI Jaj i ua ^j^'J'T*- ' (_y^C- 



Condenser 



Compressor 




H 



Heat 
exchanger 



Expansion 

valve 



>= t ^- a 



Evaporator 



.rr. 



Jj>UluUuUi 










jLjejJI (jl ^-i lit .Rl 1 J^^-p i Vij i ii^j32°C, (_fl_Lt^=iJj — 15°C j-t J e- i -J ajlj_j*. ^ i— ^ -jJ ^_) (J-iy ^ J jL -£hP 'JJ- 5 
jjjLIII Jl>-jI -/^JJ-S ^£hP ^^J- 1 Xi ^tHjLH-O- 1 ' ' '^** ^4r ^J ' '^** (J^^ ^ ' f ' * ' "' a LaL>- 




:( Y^ -1)J^i 



:«>JI 



hi = 382.92 U/ kg 
h 2 = 417 *//*g 

h^ = h 4 = 228 kJ I kg 
RE = h\-h^ 



:( 1234 SjjjJI ) (jr Jj-i -*£>-£ oj- 5 " 
7^ = -15°C jO*. RIIJjIj^^ 

(2) 4_k2i!l Ju£. p - /l Jajlji. (j^a 

(73 =32°C) (3) IU-«;W jlc p-h J^ljJw ^ 



ij Jlj>j1II jjtlll 



382.92-228 = 154.92 kJ/kg 

-Tt. 







w c = /^2 - /^i kg J^=J lLUl^j^I JJui 

= 417-382.92 = 34.08 kJIkg 

RE 1 54 92 
COP = — = -^^ = 4.55 ^bVlJ-Lu. 

w c 34.08 

(1256SjjjJI) 7 A" ojIjJLj ^jj Jj>j3 ju£. 

7$ = 32 — 7 = 25°C ' all^a 1 1 jj^a «L>-_jjj>. Juu ila-u "J 2jIjj>- <^>-J-> 

J Ju>j «LLaj 6 J 5 JaLSjJI JljJljso /<uj " i LaJaJeja ^j^a 

h 5 = h 6 = 222 kJ I kg 
RE' = hi - /i 6 ^jj^jill jjjbJIj 

= 382.92 - 222 = 160.92 kJ I kg 
cop , = R? = 16092 _ v 

w c 34.08 

7W = = JJ) LJJI lLs Lma (')l ' y - 1 Jji a 

i?£' 160.92 ~^ ~ ju^-~u 

= 6.2xl0~ 3 kg /kg =6.2 g/kg 
^jjJI jj^I l^(COP' y COP) *bVl <>U^j (#£" >- ^^jui^ljJibJ! I|_ SjLjJ! J^V .tiii^^U 

(jLiLu 1 V*»^-» "j j ie 1 a /j La » i a (j"*- 1 ^?22 Jj^jjJI lLi_u uaj (Jj3-*3 4-Jal LuaJI jL><-i 2jjJ 

%/s J-==J *bVl J-aUx j^jLj^jJI^LlU 4-ijLla *lj^l c-jjikXI >Cr Jlj3JI J^ 11.88&ar j 2.455&ar 

JaJIjJI Cj^UkJI ,j-a J^= 4- ^dH^I <la-u-uj (>a 
1 La C 1 uaJ I (Ji>. Jua Jtlc j>_nTu.a i_sL». jLjejJI 
1 La C I tJaJ I ,_)i>.Jua Jtlc 7^ j I J ri a \ (_^a i>" jLjcJI 



.re. 



Jj>UluUuUi 











j-l!l (^^ i Lu^alll SjIjj*. <l».jJ j jjbjJLI SjIjj*. 5^.jJ (j-o J^= o_^=^ 11.88 bar j 2.455 fear JaJLuaJI jJc 

.R22 j i> £l\,Uu,,j} 30°C,j -20°C Ua J\ 

7; = -20°C ju£. P22 Jj>lL!I iLnij Jjl j^ ^ 

A, =397.07 U/kg 

h 2 =437.0 U /kg (2)*Uy,\\ M^ p-h J^ljJw ^ 

T c = 30°C juc R22 Jj^I .Lmj Jjl j^ ^a 

h 3 =h 4 =236J0kJ/kg 
RE = \—h^ 

= 397.07-236.70 = 160.37 U/kg 
w c =h 2 - \ 



kg J^=J JaU i^iW I JJui 



COP 



= 437.0 - 397.07 = 39.93 kJ I kg 
RE 160.37 



w c 39.93 



4.016 



*bVl <>L-« 



' | j— j-l "*- ' 7 A' -i_^>-J *-a ihf I i^ill 4J_^»0 Jtlc Jj^jjJI 1 lij 1 nj 3jlj^>- <<-»-J-i 



.n. 













■U; .Mij r y = -I3°c sjlj-^Ji a_^jj 

ilaJLuaJl Jl-Lcj (7) 4 LaJiiU ^j^pj^fl Cj^jj 



/z ? =400 U/ kg 



(7) 3 L2UI j^j^J^ T 7 =-20 + 7 = -13°C 
*Jij tP-Ilj (8) 4-LHiil jj Jlj»J /<uj *u <j-aj 2.455 fear 
./?-/j J^ki^ J^. ll.SS bar 

-(j-« (J^= **\>^ (*-y ("7 ~~ 8) 4_U_«_*jl (<u-uj Jl*j 

A, = 443 kJ I kg 



RE' = hq - h4 

= 400.0-236.7 = 163.3 Ulkg 
w c =h g -hq 

= 443-400 = 43fc//% 
COF- «£ = 1«1 = 3.798 



VI',. 



43 



^jj^jjJI jjjtlll 



kg J^=J JaU/^WI JJui 



*bVl <>U-« 



bVl J_*L^ ^ j i u*2ul \ s (RE' y RE) ^j^j^jUI^LjU! i. sjL_j>JI Ja ^M: j*_^ 1_^4 

.(COP' < COP j 



.rv. 



Jj>UluUuUi 














Jj^jjJI sjjJi JuJsLLo jj| : ( YV — ^ ) J^— ui 



SjjjJI (78910-11-56) SjjjJI Jiu: Ulu <jU^i] ajjI^I JulaU.^VI SjjjJI ^ (1234)sjjjJlj_t*3 

^U_^j < (89) t_^^oJI ^U.^ < (68)j^J.I < (11-5) i d!i^=m tj»UaUI .-.r.j*i~» J}U. ,U;,MI ^Uiol . f 

.(10-ll^ji^! 
.jjJu_a n (j^/l J_aLtA LJ (polytropic) ^ j^—j.'j^'j^j.' ^-d^ 1 o-^- »jL^-(9-10) 4j^j^-*,1I . UU.^VI 4jUr . i_s 

( (r-ij-i ^£>rP -U^-J ' ' "L' i ~~ '"' ^J'J-* - ^"J- 5 O^ U^' ^J'J-*" "^"jAi ' ^"' : ~-' * ' <-^H-> ^£>^' <_pl-" - ?T 
.(jLiiiJI <^>-j-} (j-« jj£=>\ «GjIjj>- 4_>-j.ij 1 ,^.^-»/i IjLio j^ctil t-iJ_p-i Jj^jjJI iLaj ■ "J jL>>-s - -i 
t_ise-uJI lLs kJ 4j uiULj (10-20 /cPfl) j>_j j_3t±AU Jai tiaJI (J|Jl2^ J-fcJO j^Je-uail J_l>JI /oj<i i^i"tl 



.tA. 







(x=l)l ii ilia IjLaj ilaX. I i'y\\\ jJJ Jl-J_>_lLJI lLi_i ■ ua (Jj^>0 /<u_i c <Lkaj_cujJI jl_ re-iJI Jal « iJaJI sjJ-S *JJ J 4r- " 

.(X=0)1 t I MlO }J_jL_U I V*r^-<tl j "j j0 ^j_>JJ 

. : (_ ;r a>J C iLJ aX «_jjl (j^a 4 La-i m-UI jLje-JI i Lai » tiaJI sjJ-S j)J*~^~'~ ~ 

( ^j^pj^/l Cjojj Jtlc ) . UA 1 ,>.!! < i tali i^'tVI 4jUf ♦{♦ 

( Jl *JI LLaJLuaJ I Cjojj ) I V".^-.tU Jj|j^>J| jjljJiS A A of ♦$♦ 

( ^^JlfuVI ^JJ-jj) JJa'tl aL«-i^ <_^ (_^LiLjJ^I (j-L>JI 4jUf ♦{♦ 

( {^yaJiieJd, I i La » i a 1 1 tlfa-JJ J^Ic ) j-Je-tiu 2jlj^>JI ^j-^.1 .^." al 4_JLaX. ♦$♦ 

SjjjJI *l Jl (2)-a ^JLLjuso i^^>- (jr'J-^ ^£>rP J .J""-' 1 "*" ' "-^ ^'"J- 1 ,d -^-^**" J'-' B - L ^' * '^ ^ -T* ~ 

. Jj-taJI jl (. i -a- 1 nt I tV^'i ('r> ^_j_tiu -S_«r>-J JlJ^jjJI SjJ-i *l ->l (jr^ 1 J-^P Lr^' (J-^^*-^ Lh ~~ 



.rs. 







Sf)°^ i ^-,^L-,tl 2jlj^>- A_»-jJij — 10°C j_ie_J,l ajlj^>- <»-»-J-S .Jj_j-U i La-U „j^-.(/?77) J n »", , „ » Jj_j-<3 AUij ~ ^ 

J^j>-jj Jl_j^jjJI iiajl_u/j (Jjl J^j>- (Jl ml i nu . \j^ o **- ' Jl (t— 'J J ^~-£j-£* -L9— ^J UJ-^ ' •*-J-5"- a 2j-j'j i _p3|^lsl_i 
Jlj>-jI Liiajl . JtJ^xlII sj-JI J ^r ^ J ^— , JlJ£. Jj^xlII ilaj - -j\ (^j^pj^l SjIj^kJI 4^*-jJ t ^yilliij zl < ila-» tJaJl 

.(COP) *bVl J^Lva 
.4-Li 1 i nil ( t-dLLaJLI jL>o| Jul! ( Juj-iTJI Ja-Li ua 4_Lajjj>- (Jl o t" i »Li 

^>-j-ij 5.3x10 /ci/min^jL^j J>£>-^l J-*^- j.(R134a) Jj>-<^I u^jllmj J^wLL-uja -7°C jJ£. Jj>-u (jjita -^ 

.: Jl>-jI * I m"i 1 1 (Jl^>-I Jtlc J^J^p 2jjI jJ . 32°C i /»"^-»tl 2jIjj>- 
. (COP) *lj>VI J^sLtaj J^>-»^l uk-u-uj o^>" J Jut - a " 
J^ta j_ib La . 30°C Jwi£. r>->JJ 24°C Jwi£. i kii^all <Ji>. Jlj »! U-< lit^=J,l J^J><l! *LU J-a-CLcuj - 

( c Pwmr =4ASkJ/kgK)*[X\ jLj— 

(J-a->- (jl Jlj>-j i R22 JlJ^jj LJa-i i uaj — 20°C Ju_t£. (J-a-*3 aj -a- HI da *■*■! 4_>-^G /<uLa_«-^3 Ju_Lc . V 

oU-jj ^jJ* 1 K ^Ij^Lj 4^MiJL> uU_L^4! j_pJ! Jlj^l 40°C ju^. 70 kW JjLu Jl^-lUI 

' V*»^-» 1 1 j j ^- ,t I ^ ^ J^""* J Ja-LaJLI j-LSell "J'j **- 

JlJ^_uJI LLa-Lu/J (JUj_uj J Jula . < ! 

Jo I » uaj jfl JJt-iHi . r- 
' aH^aJLI LfeJuLL (jl (_o.j /jJ-II 2jIj^>JI 4_La^= . J 

tyjfi 50°C, j - 20°C (jULLu . rt/Alj^iauJ SjIjj. <^j^ cjh> (R717)Luj-aVlj J_**3 L^M3 . £ 

Jt^>-u J^-JJ V J ^-fi2>"j^' lLsU i^'iVI 4_jla-Cj lLlJ: 1 uaJI <Ji».J^ JlJ£. Uvi-iTu-a LaL»- jliejJI (jL4= I Jl ./—IIjjJI 

.«.! J^fl (J^aLta j (_^JlJ j_uJI j_uQj| Jl>-jI -(jr-ij-i 
(JJljla dJJjL^=j .*l J VI (J_abL>3 j (_^JlJ jjJlII jjjLIII Jlj>-jI t jl J a-aj L_PJ-i ">£>^' ^^ ' "J ^£>rP t* 1 - 1 '- 5 1 

. JlJ^JJ £W J^-— ? J^>p^l lla-U.UJ (jLj_lj/ 

(JjJl_ij ) — 4°C jjitjJ 2jlj^>- 5-^>-jJ - : 4_tJLlII i_3jj_IaJI Ju_Lc J-a-tJ i_o_u^=lJ a Jl^-jJ Jl_j^i1II aLIoJ . 
(Ji^jLj ' a_i^3 -i U JjLlII «.l_ll .R12 JtJ^xlII Ja-i - ua < ((jr-ij -S ^~>J-£ (JJ^ lJ J' ' ^ - ^~~*" ^**J-^ 45°C £ ((_^a-uwo 







Jl^jI t Laj>UlcjLLbl>iflVI J-»*j. lm 3 /hr jjLJUUI ^Lj-u, Jjuu» .37°C Ju^. ^^05 24.5°C jlJc 

JlJ^-uJI Ja-Lmj (juj-uj J Jula . < i 

^_je_til 4 1 1 n _ r- 
.UU.^'.VI JJi^i . j, 

tyic 11.669 bar « 2.2634 bar jLlLj < ^i^-.ojj^^ ^>»- C& (R717)l LJ^VL J**3 S».>15 - 1 

i_£Jl-J_>_lI]| j_ul_lJlj f.\ ±z\ (J^oLta ^j-a y^=> ja^aj 1,1 Jj^jjJI i-La-Li ua Jajljj>.j (Jjl Jljso 1 mVi i u a Jl>-jI . (_t-G^Lll 

: 4_JLl!l CjVL>JI (j-o J^= £- lLUjj J^>-^' ,U^,..j (jLj^-u Jjut-a <j-a 1 kg/s J^— t 

. (JjI i nit /y>J-> ^£>rP ^'"J- 1 Xi 1 1 i mi a LaL>. i Lag 1 LaJI ^J\ Jl£j_l1]I ilaj ■ ua (J La ) Lajtlc . (i) 
jlji_2J,l (j "^* ' LujJ ^Jl^^uj dag 1 uaJI Ji>~Ji_a _Lic 10 K j!_lJLa_) Jlj^jTJI Ja-i ■ ua j^uxi «jj La_LLc~ (ii) 

' V*<^-»tl < 2j J a «L>-_ajj>. Jtlc 
» i i"i a jLJe-JI . 40°C i>_ Lu I a j »^-»" 4_a.jJ>j — 10°C i>_Lu j-ltc-i-J 4j>-j.} Jtlc R12 (Jjj^oj (J-a-tJ 4_»-}lj . V 

JJLiiJI i_i m->-l . i %".^-.tl ,Ui , >> j L ic 60°C (^^ lLsIji LaJVI Jljlj 4_jjIjj>. A^>-jJj i tlai: 1 LaJI <Ji».jLa Jiic 

.*I.}VI J^sLta i<lt*t^-.j ^^dh^' Jajjjij (jLjj-m Jjm-a <j-a 1 kg/s J^ 1 — ? iJag.1 LaJI (jr JLc 

21.5 bar j 5 bar ^jLtLu < ^".^— *j j ^»j* (jr JaJi_Lb (j\-i R22 Qaj^ii J-a*j tl!L±AII jlj-k <j-a i ^^^— a . A 

85°C (jr-A lLsui La 'VI Jlju sjIj^>JI 4_a.jJ>j gjjl mil (j^J-i ^£j-£ J^>-J->V £ iJa.e.1 LaJI (_)i>.Jua Jtlc » i i"i a jLje_JI 
2 i-i-p l—i-i^nJLI 4 t i ii 0_lL^= I jl J-J^iTjl Ja-4 i "J 4 l"^-» (jLj_i_u Jjdca 4.a-L3 I. i i n~>-l . I Vi^— . 1 1 , U » , \ J_Lc|^ 

• [ 2 T.R ] J^-u ^ 

C^JL^= lil .30°C iJ\5°C ej\j->- ^>-jJ <>a ^l_J(JI <>a 0.80 kg/s t^ie-t-ul! Luj^a^?Li J^aJU 4jjIj^ 4Jr i^ia . *\ 
Jl^-jjj .UM ,Ut| Ji^J^a J if » i u,i a c_aL»- jliejJIj 14.7 bar I ^".^— tl 'i_ ,Ui LaJljl J^e_J.I IL. 2jlj^>JI 4j>.jJi 

t^j^a ^L^= (. 1 1 ii ~>- 1 i 12 K j I J ii a ' /yij-i ^£>rP 



.n. 






>M 



) \ ) 



Juj£L}\i ^J^ 1 ~'^- > uUuLui 










( c =1.005-^- 



» I frfll! 4_lCj_l!I 2jIj_>JI . ilijJsJLa ) 



-it. 







Refrigerants juj^ikjUj:£dLui(>adii 

)liil1 cr-jL>JI J I 3tP" _jl 4^3j_C. ji-l-i j-« 2jlj^>JI JJL) /yic (J-g-tJ ioLa jc 2jLlC j-ife JiJ^-lLJI ^-La-Li "J 

Jl jjLuj j_a 4 la j i u ' L$Jb^>ij j^— » i ' (_jjJI S-iLtl jil 2jLlC j^k Jj^illl ila-i ■ ua i_LUJl^= t( Vi'^-.tl JLc Oj^ya 

:<Ll!q]I i _j^l^>JI L^jjJ j^jjj jl i_c>j jj^xlil ila-il ■ .<j^-» 4 1 <iVn »U .sljJj q „^-.»tl »j jl a. . 

.Non-poisonous 4_«L^ j-ui j^=3 jj S-^ " 

.Non-explosivejUtiJ>U 4LLJ9 j-ui jj^" jj 

.Non-corrosive J^=llll i_*j-^l! aJLH j-<£ jj^" jl 

. Non-flammable u-sLgl!}U 4LLJ9 j_»i. j^=3 jl 

. L^jj 1 11" jtlc < al .^."^-.Vl 4 1^ 1 ,1 jj^-." (jj 

■ 1-4^ ' n" JliC JujLTtjJI 4J j I ■■ jj^~~ *" jl 
(a 1 >. A se ', a jLjic 4_>-j.i ) ^j'^ kse * a JaJLLa /y-Lc Ja-LmaJI j-Q-t-l jl 

.AjjUJI 5JL>JI IL. Ij-Slt-u-a jj^~- _' jj 

./)^l^a>LlII Ji_Lc jl ) rl \X I /<> ( rl-V 1 jLlis )_LC ji=3Lj jl 
■ ) t ( n 11 /y^a-L>. ) /T)-' _ "V*^"* ' 1 / '"' ' " * j^^~~* ' jl 

fl j j-*- 1 a-I A^-. ajLjj (t-I^- <-lLJj j-aJLjJ 4_jJui ■='"1"^— ' (Jl jjl i nil Ja-l maj| (0-3ej>- 4nnl jj^~~ ' ' jj *— ^>^1 

.f^=L*l]| 

'-"•I 1 «a 1 1 (_yic iJ^a_>JI jjlaHl 4 Laj ■ ■■ ) *J"l"^-» ^J| j_je-p.^| i_La-ujjjJI (0-^>- <hh) jj^~~ '"' jj *— ■^ VJ 
j_a kg J ^— ! JlJ>-<jJI j_a Jjia^l 4j>-jJi lLUJ ,_,^.^t ^^ '^^■•■J lt 4 LaL^a !l 2jlj^>JI jj^— " jl i_ai - 

d U « , \ aTu jLitjJI 
(Jir JLc. lLsU uaJVI 4 jlor J^j ml! ^Li_l£ jj ^— J jl llai j—tc-lUj ■ a "'^— U IL. JoJi_»JaJI j-L_i 3j— ^' 

.43*U^= fLijjl Jl cJLj JojiLiaJI 
(_^jLfljJ ;_gj^>JI LiaJLiiiJI j_a JjJLSj /,-lc.l (^Lli-a 4j>.^LiiJI ) Jj^xill 2jjI J ^_ ilaJi iJaJI ja^a ) jl j i n-r" mil j>3 
(jr Ic JtJ^-ilII 4lC.[Juu3 '£— 4 allieJLl JtJ^xlII JojLij/J j-L_i 4_jjLail /<uJi 4_il I -i^~- .aj^l jJI (Ji>-lj Jl *I^iJI ^-ij i n"< 

■ I rm^-U 4j>.jJ 30°C J j- p e- U 4j>.jJ — 15°C ajlj^*- ^^^-jj j-Ll 1^1 of (jj/L-ul 

: Cj Lcjji^a Cj^G Jl Ju^jTJI JojLuJ lJlLi ajj 



.tr. 







JLila .(o_H>^' aJjLc — CjLj^jjL^s^JLjJI) ULjI jJi^=VI JajLu^l ^^-^j : Group I JjVI a_c j-«^>Ji. I - 

R-502'R-22'R-12 :t iUi 

R- j R-40 (Methyl chloride) dJJj JLi« t JUluiM! aJLLs La Jlj>Jj LaL^ : Group II LulHI ic_^>JH - 

764 (Sulfur dioxide) 

R-170 LiUj JLla tJU" MtMJ A-LLflJI Ji-J^xLil ciajl-Luj Lg.^4Jm (jr-^J : GrOUp II LUIUI 4_Cjj^>Jkl 

R-290 (Propane) j (Ethane) 

: Primary Refrigerants xjjVl ju^I i^Uj .) 

PRIMARY S-JjVl J^><l!l lUjI ..^ ^o ,,."< R-502j R-12< R-12 JJla J^-^ 1 '^ '"J 

.Sjlj^JU L^Ij^ jT LjjI,,,-,^-,! jl^i LmJU^ l^iV REFRIGERANTS 

: Secondary Refrigerants iijilSil jj^lUI d^L^j .Y 

j 'jjl^— ■ ' ^jj ' ..U^-i II j ijjJL^s i f.\ U ^ ^ VLjju i_ul ^_1^=3 VI 4 ijjllII jl-j^jTJI lL^jI ujj 

■ c jj > mL>Jlj (methyalcohol) J^JllJLl ' uj^yi < (brines) l±xSX\ JJU41 t*j.oj.»^l 

Identifying Primary Refrigerants l^/iM ajjuJI iaSLij 

LglalLl ^yJI 4-L^-uiTl! Ld3j dJJjj j|j r| A_j>L\j Lc^jla (R) i_3j^>JLi (jIjVl JlJ>j1II Lta-i mj <-3j-«J 

.(ASHRAE) I a-u^alllj JlJ^jIJI <4j3J1!I ^^-mJuL^l 4_i^=iJj-aVI 4-Ut-a^>JI Lfcilg. 

: J ! (Cjujj^oJI) Jj^xlII JajLuj p^ i o2j /<uj 

' jj d ^" j " jj ^"" <j *j ( Chlorofluorocarbons CFCs ) o ij^j L4a j^ j ^ li=J I .^ 

.R114 jR12 « Rll :jlla .( (^.j^jua qjjlj ) jjl^itlj j^iLUl 
oj *=-, a ^j ( Hydrochlorofluorocarbons or HCFCs^L^jL^jj^jjy^jjjL.^! .Y 

. R-22 orR-123 tciUj JliLa l,""tjj ': r TI J jj l ^ L " tl J 'j_^iM ' jj.'j^' 1 6-" 

olji £y» 4_Jli. qj^i ^xii ^j Hydrofluorocarbons or HFCs oL^jL^jj^iijjjL-^n .r 

.R-134a:jla (Jij) i^iti 



.££. 













2uJ#l JJJ^t WL«V e^U^I UdiSiUI 

Flurocarbons loU^r^jj^UJl .^ 



1 +jjVl (^jJi 



U5d> 



^-itl CjI O JJlC 



j^u. JjVl ^qS^JI R22, ....,R11 oLijj^l aJ^Lc aJU^_ 



) - \ +jJiju£> - (jj-)j^=i]l CjI }j JJlC 



IjJ JJl£. J] 7r l^'lj 'LtiilJ 



^ ~ u^jj^^th-^' *— 'b- 5 JJlC - ~~ Cp^' e^j-^ 



i - ^iiiii f£>Ji = 


(j-La-JjjLoJI Cjljj JJlC 




liJlill ^SjJ! = 


JjiAJI CjIjJ JJl£. 




4 irt "ill CjIjJJI = 


jjl^!! cjIjJ jjlc 



:1 Jli- 
Dichlorofluromethane 12 u tjjjps 



^ - ^ +j_flj-a - (j_jjj^=JI CjIjJ JJlC 



jji^> 



Y= jj.UJI CjIjJ jjlc 



l 

F C CI 

I 

CI 

R12 



JJ- 



l^-tl CjI O JJl£. .". 



CCI2F2 j-£> R12 (jjj^aJ /_ iLl»-i^3ji ' '^^~^;"^' [- ." ^ ' '^i^ c ■ 



.to. 







:YJlla 

Monochlorofuromethane R22 yy^jj^s 

\ = ^~ Y = tjrt^JjJ^jJ! Cjljj J>JlC 

F 

I 
F C CI 

I 

H 
R22 

CHCIF2 J-& R12 (jjjj-i! (^yjLuiJ^aJI (_^L^=pJI •»• j 1 «aj 4_tic 

Trichloromonofluromethane ri 1 \\ <j3±>* 

CI 

I 

F C CI 

I 

CI 
R11 



.tn. 







(oU 3 jj1^ 3 j^j j j 4? JI) HFC ^SLs, 
(cf 3 ch 2 f) Tetrafluroethane jj>ll!I .Um.j 

S= \~ Y = \ - tj^Jj^aJ! Oljj JJl£. = JjVl (ftSjJI 

1= j_^-<i!' ^b- 5 - :iJlC - = cLJIj]! jJlaJI 

F H 

I I 

— C C F 

I I 

F H 

R134a 

R134a j^, (CF 3 CH 2 F) jj^lUI .Um.j pZj ji! 

Inorganic Refrigerants ^^l^ojjjinkjUj 

R(700+mwt) 700 + ^j^\ dJ3*k j_l^ 

:0)Jli- 

M/ 3 (Lu^VDjjLSuJI 

Rl\l J * J " ifu LI I (J-lL»J ?C-LjLi3J 4-U£ 

:(Y)JI!U 

ii=nxY+u= ^j^Ji^jjJi 



.iV. 













:(T)Jllc 

4_3j_ta J^ j i -~t (j-Lta (jjJ-i tJ-L*-« JJ_>-<3 ^-La-Li ua <j| aia ■ u| (J^= i_3j_*j Jj^xlII ila_j - ua Ja^a. clilJl aia ■ u| (j! I o^— i 

. t la_ujjjJ| LiUj 4_l3 Ja-a^J (^JJI SMjU. , ..VI Q^J (jl_u x_a A 1 o*"i i nU Jj^_ijJI 



A l) '"' ' ' ' "J 


A i I i^nII 


fbJI^Vj 


, U 1 , ,1 A 1 1 4 1 1 A U"» , ,, 1 jjj 1 


Rll 


(CCl 3 F) 


Trichloromonofluoromethane 


Orange J J jj^ 


R12 


(CCl 2 F 2 ) 


Dichlorodifluoromethane 


White o^yt 


R13 


(CCIF 3 ) 


Monochlorotrifluoromethane 


Pale Blue ^La Jjjf 


R134a 


(CF 3 CH 2 F) 


Tetrafluroethane 


Purple ol^j' 


R22 


(CHCIF 2 ) 


Monochlorodifluoromethane 


Green ji^i-^I 


R40 


(CH 3 Cl) 


Monochlorotrifluoromethane 




R502 


(4&8%R22+5L2%R119 


- 


Orcnid i ^j^ ^ -» . ., a;> j-$->- 1 


R717 


(AW 3 ) 


Ammonia 


Silver u t^'*i 



Jj«_l1J| ilajLjjj (_)Jaji ' CjuI aia ■ uf (jjJ :( V — ^ ) (JjJl>- 



:5_JLtJI l _^jL^2j>J! 'UjLiLa aTu i_3j^u i L2jLu ^jj^— j-1 ,1 jj^-uJI lL^jLujJj 



.iA. 













Thermodynamic Properties 4J)Ij^JI jojLa^JI 
Temperature & Pressure <U;,MI j Sjlj^JI *»._,.» . f 

t^llll JjJl^JI Ignn l5_^-" ,U:,^tl jj£. jj^jIII lLijL-uj i *l"^-t (boiling point) qLlUJI 4-*-j-> 



Ij^j l"l| lUlnjCjl 


(°C) (jLJiil ^-j^ 


R11 


23.7 


R12 


-29.4 


R13 


-81.4 


R134a 


-26.1 


R22 


-40.8 


R40 


-11.8 


R502 


-46.0 


R717 


-33.0 



2jIj_>JI CjL>-jJ Jl-Lc ajLc (Jot" i n \ i_£J_Jlj - R13 JlJ_j-<jJI Ja-i ■ u9 (j! o}J_Cl (JjJl^kJI jj_a . U> -s. \l i 

.>LsL^= Lju><2j i_J Lalj - Cascade systems aJsUTlU ol ju>._aJI '£- 2.u^^.:\\ 

^jj-jj-dj (_>^L>JI J I O-JI (JjJl^>JI 2— I o^-* (Jjl Jlj>- 2— LojI J /- LaJtJa jj LaJI j-i-tj Jl-Lc Jl-J_>_lLJI Jaj Lm a J-<-<^ 

LjjUJIj SJa-i-tuJI 4_JL>. '2- (v) (^j-lll /<s^ej>JI < (p) » 1 1 u,i"tl i ta ♦ i a j (T)» iu,i"tl SjIjjv i»-j.i 4j5 LLllo R134a 

: AJLaL^=aJI SjIj^kJI Liajf JjJl^JI (>jJ U^= AjjUJIj 4jj_u_J| JlIc (h) ^yJliu^/l £al_L 1 i^jlj 



b'j^' ^j- 5 


■ Uimtl 


J^yCjjjl /<U^>Jl 


^Jliu^l 51LU 


2;„|<£-,tl Sjlj -wtl 


r{°c} 


/?{£>ar} 


v'(//%} 


v"(//%} 


h'{kJlkg) 


h"{kJlkg) 


L{kJ Ikg} 


-26 


1.020 


0.726 


188.56 


166.35 


381.71 


215.37 


-25 


1.067 


0.728 


180.67 


167.59 


382.34 


214.75 


-24 


1.116 


0.730 


173.18 


168.84 


382.97 


214.13 



R134a ^J^ iajijj Jj^?. <_> ,j^xj : ( \ — \ ) j^ 



.(j-oSJI 4_tJL£i. »j^>- VI aJJt jij*~~ '" L° LlI1-C.J ' la » ' a 1 1 lLUJ Jji^tlll <U^2 Sj^a.) J I r-Qjso 4jlojj_« 



.M. 













Specific volume (v) ^^l <w^i - ^ 

j-cje-u A^»-jJ — 15°C Jtlc Jj_j-<jJI tiajLj/jJ j^^jjJI /o^ej>JI iijLiLa /<uj 

:^«u2JI dJJj 7d-ijJ (jlj cJI JjJ^>JIj - (x=l) 



4_jjUJI » 1 1 u,"i!l ilLv JlJ£. J 



. 1 1» <"i 1 1 i U> i . ..j 


Q/kg) le c J Jl\^^i\ 


R11 


766.73 


R12 


91.45 


R13 


- 


R40 


279.3 


R134a 


120.15 


R22 


77.70 


R502 


50.02 


R717 


507.9 



Jj«_l1j| iiajLj/j ^j^« l1 j^^jjJI (<u3ej>JI :( ^ * — ^ ) (Jj^ 



^Ju^jllljjjtlllj iiaL^aJ! Sjlj^JI - X 



A\^rA\ lUi.Mfl 


C>Z;A^\\ '-jlj-tl 


*(^jlj^j1!!^jjL1!! 


\ \\ rA] lUi^ifl u JJ ' " U l * ^ 




(*//*ff) 


(kl/kg) 


(fcg/min/iW) 


R11 


195.30 


156.73 


0.383 


R12 


159.55 


117.16 


0.512 


R134a 


208.29 


146.96 


0.408 


R22 


217.00 


162.47 


0.369 


R40 


- 


349.058 


0.172 


R502 


156.61 


104.39 


0.575 


R717 


1311.3 


1104.68 


0.054 



Jj^_uJI tiajLj/j ^_jiajLjJ (^Jj^xlII jjjQJIj 4 LaL^aJI SjIj^kJI :( M — ^ ) (JjJl>- 

i ^"'^" i>-jji30 o C jj^tjj i^-j-i -15°C ju£. i^Jlj^I jJibJI* 

j-pe-u ia^jj — 15°C J if ilaL^aJI ajlj^>JI 



.0 >. 













Physical Properties laLj*ti\ jajLaaJi 

(jl ^j^— » i ' 4_jJ-I' 2jlj^>iJl 4_La-^= (jr^- J-^l-La j_uG Ui (J "J^ L3"^ 1 j^ > '' '-*>^-M ijjb 4_uLjj_L<i]l (_^a-il i<aj<j| 

. Jlj^jjJI Ja-i i "j j1_ll>-I _Lic 4_i_i_uL_ul <>jLjk 4_uuj_uiJI (_^ajl i ^--^tl j < l»ja LA J aJu jl Jlj^jTJI Ja-i ■ ua I g i ■-" i ) 

: Oil Miscibility ojj^ji 4. jj^I .Uj.,.j oLji - f 

J^ j 1 •■" Cjj_jjJI *_a Jtj_j_<jJI da-i ■ ua (jLijj L >lj-a (j-aj £ ^gjl i u aj "-J'j^ 8 ^ t — J .3-i>^ ' Ar ^~£j-£^' JajLtua (jLijJ 
^_ Jj_)-l1II Ja-u-uj (juji ujj£ (<ufcl Lai Ja£. I liaJU ^jj-l 2j-a O-JJ-JI p^>-jJ 4 j 1 1 gjJI «Ua j i aj| a (Oj - *- )""itl <-J aX 

.OjjJI 4 La i ul aj SjIj^kJI (JLajjl ss.lj>jj i La e 1 uaJ I ^_ OjjJI i *.;*'*■' J-& OjjJI 
:OJJ-JI ^_ (JujJlLI Jj^xlII LLajLuuj QJaJi ' 4_lL)L9 Tciisjj Jl O.JI (JjJu>JI 



1j^ i"1| i u , , ,,* 


'~'jj" * " A l} '"''"J 1 ia 1 i J A 


R11 


(<SJ(-> 


R12 


(<SJ(-> 


R13 


(<SJ(-> 


R40 


(<SJ(-> 


R134a 


V 


R22 


(<SJ(-> 


R717 


V 



OJJ-II 2— Jj_)-l1II liajLuuj QJaJi ' (jl-iji " ( ^ ^ — ^ ' (Jj^ 



.41. 













: Odor ot5!jj| . cj 



Ajtj nil i u , , ,,* 


A^ljJI 


Rll 


slightly ethereal La j^»J aj^jj! 


R12 


slightly ethereal La ju»J aj>-<M 


R22 


slightly ethereal La j^>J aj^u! 


R502 


slightly ethereal La ju»J aj^u? 


R717 


pungent icjV 



Jlj^jjJI tiajLj/j .j'-* ' A^tjlj : ( \ V — S ) (Jfl Jl>- 



: (safety) jj>o]I Ja.^ a^M^. . r 

(_p3 » ) <La}L-ijj (^J^a 7c_iisjj 4_jJLlII (JjI Jlj>JI .LLajLij/jJI oJ_4> J-ILa x_a ^jjJLaLCu (JjJlJI <La}L-ijj (jLa_»JaJ lLLJJj 



■ ' t» '"'! •<* < • "_j 


' " l J^ '" ' ' "J 


Rll 


V 


R12 


V 


R13 


V 


R40 


(<SJ(-> 


R134a 


V 


R22 


V 


R502 


V 


R717 


(<SJ(-> 



Jj^jjjl ilajLu/j (_>-ga-» ' A jqi ii :( ^ £ — V (JjJl>- 



.or. 













Ij^ ,"tl i U , , ,,* 


j1 — a;vi j ji.-,.v\j t j .la ijj ,-ti ,u ,...j 


Rll 


V 


R12 


V 


R40 


1 1 1 1 n 1 


R134a 


V 


R22 


V 


R502 


V 


R717 


I MmiI 



jUtAJ^I jl JL*lAMJ Jlj>jjJI lLjL^j (j^y 4-JLLJ9 :( ^ — Jj, 



(JJLso ijAc (J-iytJ <>t._L>. jLiis j_uLj 4_I ^j ^— » ' (Jag I iiaj| Jljlj) 4_l!L*JI 2jIj^>JI CjL>-jJ Jtlc Jj^xlII tiajLj/j 
C—u ■ .it Jl£ ^LlU J>_a^>-J U^ <-1UJl^= . Ij_>. SjLci ^j ^-." j_ji Lxi>La_>~l I ja ^— > a $.1X1 *_« JiJ*jjj Jj^_<jJI <ia.Li "J 

.Jjjj«JI '2— AjjLtll ' aj^JaJI *l_<ji L#J Oj}JI aJL»- <j^. ■ flJu^aJI J^— qj "^ (jr^'j «JLa2j I .UAIj.MI 

Ij^yic L_oJ9jjJ L^J TJ)<i uiX\ SjalejJI <Lu^= (jl_) Lqle, .L^J 7*j) <l mi, I JjJlJ»JI £_ 

CjI Jlj>-_jj JtJ^xlII uLajLij/j p'j- 1 ' ;J^* ' A-l^IajJI a_L»^3 ] L^j y-a q mi, I JjJu>JI TciisjJ Jl CjJI (JjJu>JI 

•• (PPm) *i^ 03^ J^ 1 *i^ 



(ppm) 4-i^oJ u .^"al 


(ppm)Lgj ^-j qu< 11 4_i^ai!! 


. 1 1» i*i| iU i , ..j 


15 ^^^=1 


5(>J2sf 


R134a 


100 0-*J-^ 


30^^? 


R22 


50 ^^^=1 


15^^^ 


R502 



Jj«jjj| JajLij/j ^_jiajLjJ L^J 7"J)<i "it, I AJ^JajJI : ( ^ 1 — ^ ) (Jj Jl>- 













. tjj^ i fl-fl->J[ I j-i-LtJ c_L--vj 4JL2 4juJ3j_a Ccre-n^ji I Ju^jTJ I i La-i ■ u a ^_ <UalejJ I 



4_)_aJajJI 4 [ ( n \ 


2 jLh*^ ^j-> 


R13B1 


R502 


R500 


R22 


R12 


°c 


2 


40 


48 


120 


1.7 


-40 


5 


69 


81 


195 


3.8 


-20 


10 


115 


129 


308 


8.3 





21 


180 


200 


472 


17 


20 


40 


278 


293 


690 


32 


40 



4.aJlJei,l Sjlj^>JI CjL»-j.} Ju£. ijalajJI 4 \ , t,'i :( W — ) ) Jj^ 



.SjIj^kJI 4j>.J^ -}Lj-}jL> -il -}j3 L$J ?-_a-«-<_ui, I 4j^lajJI 4^10^-1 (jl it^^^jj 



(<u_i ciLIj J_*-)j 1 j La»l Jl) J>j^>-jJJ J_j_jj_uII lLs-i ■ ua ilaJi i a «_ 3j zjl aJ-Li J_£jj_uII sj-jl-S (j "^ a *"' jl— iTl>- z 
J_j_>_lLJI lL^j i uaj SjjI jJI ^j.se i*iil *»J /jJ-JI aJL>JI ^_j .4j (j ..^A*",tl CjjJl>- (J-iClthj ajjl jJI ^j^a s.(_£jj>. (J^= q^ldc^ 
^J\ j^>- (Jl I j L> I ** Jaj ual I *_ojj_i (_;^>- Jj_j-uJI J<a-Li uaj Lujj>- I^Jti'i 4JL>JI ijjub <jiLa ^_ j^jVI ^j-* 3 jlj^~* ' 
(j^auqj .Ui.^tl | jjfc .i_aL>JI (jjj^aJI J_lco^=I ^Ij _a| i_sL>JI (>l>. _a^-u-L? I jLc. J-qJtliuJ cdJi Juua 40MPa 
elj-^V i_3l_^= iki-L^JI IjLJkj Sj-JL^aJI OLcolXI 4- SOMPfl JJ jf ; j; , gaJ| oT AUI 4- ISOMPaJI <U^j 

.4_lILc 4j9J_) ujj-luIII jLla.1 
j1_iTl>.I -SIj— tl J-£j-<_lII SjjI J_) J_£jj_uII Jtaj i "j 4j| ala ■ u| a (_3L>JI (j^>- ^j^ri-L-Lt I jL-C. 4J| aia ■ u) ^j_a J ^— > J-t-ajj 

.d_t^ ^ uoAJlIII 



4 i na^lj 



:(j^j>4-^) 4 U , „|j i (j„jA;"tl jLll-^I Juc L^jLcl^a <_<j>.|jJI CjLlLsLiIL>.VI 
IjLfciJl C-iJlj>o J_S LiiJi (jV J>J>j1II 2j_1b JaJLLa «^jJ ^^-^1 jli. Jol J^JtlmJ V - 

.Jj_j-uJI ajj|j_i Ji^>.jJLI dujJI x_a 
. ^j\j>~ aJjjJl I 4 )| aia i u| ( _ T i^- ' la » ijall ^jjjLi^ Sj j > ( ' j i 7" " JaJLJall ^Ia-La ( ■ - ;^~~'j" 



-ei. 







j ^a-»j ^o. <-dJia -)^>^l SjjI jJ J-^jII (-jjjJ^! ^Lc (Relief valve) ■ ^ '-■" > aL '.-^^-j" 
f-j^j-j j-U <-dJj>j 2j_<iLj^3 ^a_£^_»ilH da-u-uj s*iijU,..f jjlj (Check valve ) 9-j^-j aJlc ■ ^ '.^^—j"' s- 1 ^ 

(■ii mJ Jl£ (J aL^aJI (jta- _j^Tu-IJ I jL-C. 4.JI aia ■ u| Jaji us jl 4 IJ»-s-\l a *_a c SMjU , ..VI ^J| jj^jlJI i Laj ■ ua 
L-dJba ' \^ uallll L-dJb Ja->.j i*^ 1 4JL>- 4r ^d>^' 'JJ- 3 (ly 3 *'j-^' J' ^d>^' ' - ' "J ^-J'J-ta ' " * IjLstAjl 

:(—<j^ mitt (j^aLa! (j£. ' tuio^aJJ <LibieJU (_^laJ! 

.('- '(jHI 4Ja i ul aj ) 4jj^*j]I <LJ, *Lta ■ ul aj i tufg^aJI — ) 

.(l_£jL£-jJI (J^A^ta) 4 a .".l^-» o^£.j A La ■ ul aj I Lca^aJl — Y 

.^j^p^aJVI I kA^sJI jtgat. aI JLseluduL I kA^aJI — V 

JuJL& J « mi a — (i_(,gltl 4 La i ul aj ) 4jjj3elJI AjJ, 4 La i ul aj ' a ifo^=3 1| . \ 
(JU Mil dJJj Jljlj (<u-JJ (j-tl"i mi VI jLc. jl (jr JiLiil J j -» ^— > 1 I jl (jLjaojJI jLc. 4Ja --Ij; <LijjjljJI 4jJ Uju 
j-a (_ c^ltl (jaj j-<-*3 IjLfl Cj^LusjJI (j^=Lai (jylc <L_aULi J i ^»" 1 1 -ytaUaJil AjJaj^>JI jlj-aj <-lUj Ju«-i /<uj .i_l^1!I 

.(jL^aJJ ljufc 4_i_Jj_<aiJ -i^»-J ^J^. JjJ <-d!i pla j-uaJ>VI Jl 3jj^' 
((^jLc.jJI (J^Jbc-a) iaJuL^a «^£.j 4 t-iiiiljj ( h Mi^-itl . Y 
* a t jJLl (Jj." ljJ1 " (jj 5 * - ' " a J l ** _ -1 -^~* - i 'J- a ' '' A <". 1 ^— < o^Cjj Cj^LusjJI 4_iia »" /<uj 4_2jjJaJI <>Jufc ^_ 

.ujj_tjjlll jt^ 1 — a Jtlc ijjLc. «_iSLia j c 1 1 •->"" tt--p> ( s-UI i4- 

^j^I^aJVI ' kJu^aJI jl^>- aI Jticli.uLi ( a ui^aJI . Y 

TtJLi-is jL^>JI (jl (_ r lc (Jj^-i La-a LpojJtj ■ aj *- ■ 4_uj_ui5 Sjl mi I 4J£. jj-uaj 4JLa jL^>JI (J-iJI mi" Jtlc 

^ ' "J^ '-AJ ' "" ■Aj-J'J Lr-^- (J^- 1 I J L - ik (jL^ ljj- 1 -^ CjJlj>-T ijLa Cj^Li-ajJI (_ r lc (j-ul mi*«.1I «.j_>JI jj— a-i .(J-a-t-U 

.jI^lII dHj ^_ jj^I 
How to Choose a Leak Detector? l-<j^uuJI < ^ .^■■g^^ t S^uLJLl aJLu/jJI JyJ^i *^»^= 
cjajj (Jl (_5Ji-i (CFCs '" *j.'j ^~~'jjj^" [ jjj^^~~' tS^/ -^ij-f^' JajLu/j <_i^ i n" (jl L2jLj/ Lta^c La^= 

(J_a^l *ljl (_paLii>ol 4 La > y a Juu VI Jj^jjJI i-La-Li ua <_ij i n" < (<JL«J V (jL^>-VI ^yaJt ' ^r *^l ' ^ ' "J ' (j-^J -4-u-lII 

.r-jL>JI (Jl (_i^ i ii" Ji^ Jj^xlII i-La-u "j jj^~~ ' ' I $''J>~*- • -^J-f^' » Jl>-j 







j_^=Jj .(Jlj-»- 2I <J-^= <4- S-^ ' "~tl 1 a iftt^aJ «JjLj»ja 4_2j^Is tlLILcib J^*-j3 "^ 4_il <_ 3jJ(-J (jl p g 1 ,1 (j_a 

:i_ <j^ 1 ri'tl ^>£- ' a-iai^aJLl 4-L.t.a 'uLi^Io (Jl Qt" 1 11I aJlc jl (Jl 0*" 1 nl J I -ij-23 j^ 4_JL1lJI JoLjUI 

. Ju^jjJI ' t-»J ' "j ^ C -> J " 

•i£j-^-f <j£. ^-2jjia Jl Qt'iinl J^ 1 >■ aj Jl (_5JiJj : system size aliaJJI («-==-=»- - 

; 4_j_^IlII 4 jf jj i (Jj III rjLi. jl J =«-l ^ ^L!i_a 1 a ^^^~'" 1 ^' Jl J^-£j-l1II 2 J^>-J * lisj : 2 J^>-jJI (jl ^— » a - 

■ yi ^ 

4 jj a uaJ I 4_uj_p^=J^(l Sj^>-2l Jl ml 1 nl Jtlc 4_uaL>.j • ; I 1 a j tia] I - 
. JiJjLb J t 1 11 a tjJlLa ( tjj-^' J' **J '^ (jr^- -^-^- L ^ "j j - * - (J I «" r ill Jtl£. 4j^s L>- J : SsLiis 2 I - 



-«n. 







cc/ 3 f Trichloromonofluromethane Rll n <jj^ J 1 ^' 'Ki"«j 

■l£»M .U:,^tl j ^ 23.7°C 4JLi£ i*.jj - 
.JaLLJLl <_<jJlj 4i^=J >L^=G oj>j V - 



■ Li'^ 1" 1 nl J_Lc 1 La g I j 1 *a U 1 ^ La * -i ^-» (J n t" i n t - 

.Halide torch (jlJU) J*^ a*^!^ <lLi - kA^aJI j^-r - 

.^jjill 4jJL5jj_i d)lj| ala i uf ^_ i La a >j - 

(co 2 f 2 )Dichlorodifluoromethane R12 ju^cill .Umj 

.-29.4°C ^Llc^- 
■jL^aJVIjl (Jl t" mi^LI (JjtJa j-tg.j (iLujji, - 

. LuLi_!^=> j 2j i •■ a - 

4- ^-iP 1 J^ («-J -ijL^ 1 J-^^ 1 4- jj ^""'J ^^ri}- 5 ' J-*->i L«-a~ 68 ° C ^-j-i (Jl tr^-j^Jt 4_ cjj Jl_j - 

?cJa ■ ■■ j^-lc 4_t_Li3_-vj ^j_^3_4-> 4_JL^ Ja-i i uaJI {j-a l_o_>-! O-jjJI (jl l_4-ij Jl-Jj-lL!I ila-i 1 ua (j-C (Jl ua^jjfl 

■(Jjl 1 nil lLs-li uaJI 

Halide torch ( aJU) JxAa iLa^J^j <l1c. - kA^=Jl j^—v - 

• tjjlll ?L<ia_u Qui ala 1 ul ^_ 1 La a ><j - 

(R134a) - (CF 3 c// 2^)xetranuroethane jjpji da^j 

. i?12 jjjj^iJ JjJlJI jjkj HFC oLJ^-^ £ys - 

.(_£j^=jj,l ->j-LaJI 1 La g I j 1 ^ j 4_t3wj^»- JaJ I i AjJjjJLsJI ( 4_uljjjJI 1 La g I a 1 >■ 1 1 IL. J t" 1 uj - 

.(j-iLti.1 ,J^=Lj Vj jL^oJVIj JLtlii^LI (JjLJ9 j-<^-j (aLlujj^ - 

.-26.1°C «GLJfi. ^-jJ- 
_ev_ 







.R12 jijd>^ <>° J^ ^ ^I^Vl J/sLlx - 

light blue i-L^ 3jj| i^y oUjk,,,? 4. L*j - 

.(molecular sieve) ^L&iJl Jkiil g^Ji ^ <d jiUJl - 

(silicone gel) ^M^il q^^JLJI ^ <>a ^kyi p^u* JU»i^l *jlc c_^o - 

«i .-^iij (florescent dyes) .-,; ,,, jjJLHI ^. uaJI < jjj! .,-.11 ^jLcj JU^_^l j ^^_» - 



(J u_uLlLJ| I a-lftt^3J TcJI ■ w^"^-»tV I 



(c//c/F 2 )Monochlorodifluoromethane (R22) (yyq^) ju>±iil *W**j 

-40.8°C ^Ljifii*.^- 



.2jl JtjJI £ys ^j-^l^-'lt CjLLisia (Jl ot"i 1 11I AJ-L) ' JlI \ Y (j_jjj^ (j-^ J l ^~~'l s-LtLl ' La u >J - 

Halide torch (juiu) J^i^ a^l^j <l1c - ij^=Jl t^i^u - 

• tjjUl ; I j uaa. '" J ' "I 4r ' * * J " 

: \ Y i l-ij i njJI (_yic YY jj^xLlI < t-> j i iij ulj-a 

aljir" ml Jl-c£ 4_ajMJI 4_a.|jVI t j— a L-JJ>23 60% JJ J i <aJ d—p- 4_*jM-I1 i-ta£.l uaJI 4_^ljl jJL-i-a - 

j; ^— I jj ^— j R22 a|jV" ml JlJ£. Jlj^jIII i< in jLa aJLul^ S-».ljJ I J LLa^Liis LjJlJ*.? 1 jLk ^ Y^jjj^a 

.R12 aI jir'iinl Jtl£. JlJ^jjJI 4j-lm £ys 60 /0 Jl JAJ 
. XV 1 .Z a I Jua-"i i ii I Jtlc I j * a ^-i-i^s I ^jj'^-—'" Xv^^ * I JlJt" i u I Jtlc JlJ_j_uJ I > 1 1 u l^a-o - 
(jLa tlLIjJ R12 ila-i --jtl 4_Jbll (j-ajji^aj j-f^=l (4J_aIajJI) SjljiiJI L yz\ tr>~*2 R22 iIa-Lm_aJI aJjII - 

.*UI jl«^o cj>l^=lAI l^j^j jsf R22 



.oA. 







<j_a ^^JLl! (jj ^— J j J&^ll £- iLai uzl\ jl_a ~ 40 C ^ - 29 C C ^ L _ 1 j_Je_J,| ejlj^>. A^>.jji jj ^— " LaJ_ui - 

JlJ£. i£a^>»JI '^* '^ o-* d-^ o>^=^ ukjL»iiJI (jLa R12 4juiItL Lai R22 aJU* '2- ij^><l\ Jai^l 

A_aLlII 4JLt>-ljJLalj ' *Jj L^alJl «jlj^>- ^J-i (^^aLiisoV lj Laj J iV<WI j_a, R12 Ja_u-ujJI (jL^ lLUJ I JlC La - 

R502 {CHClF2+C 2 ClF 5 }(R22 + Kl\5)(0>XC)J±>i) Jb>xl]| .Uunj 

.Rl 15 «> 51.2%+ R22 ^ 48.8% <> o^=^ - 

.\~ J] ^j i-. )a I- . ,.j~, aa a , ^- A-» * n 2j|^j>. CjL>-jJ lt^- U J ' a "** '- ' ' "<- ua ~ 

i La la AJjJpJI i La C I j i >■ 1 1 IL. aJlst"iiiJ - 

■ l£»M LLaJLuaJI Ju£. _ 46 C 4_iLj£. ia-jJ - 

.XV^^J XvlZ (j^a J^— i ] o J_l>JI d)l fljLial aJL 1 (j-Ll ^-a^J ~ 

(^C0I1QCI1S1I12 I ^jj uaj i LaJI »^-»' (_£) I\.1.Z I kjit^aiJ ajljj>- 4_».j.} x_a yS^ZZ ^jjjj.oJ Jj_j_l1II Ajljj/ ■ LaJ» ) - 

,UA 1 i>.tl s.lj^-1 4_uL)j CjLaLaj-aJI j <\r J • La C 1 uaJ I j aX (j-« (JjlaJ La-d 1 jj i n'< (J-iJ-S prCSSlirCJ 

a , ^- A -» * 1 1 . ^".^— .".n 2j|^j>. <L>-jJ x_a OjjJI 4_».j)jJ 4_»-j.i oLjJ 4 i i u ) «Jl-l>- Ct-UJJS ^ys\^>- «U - 
YY ^jj-jj^J CjJ^so I o^-* J-IjjlI J! r-l_!L>j V ilaX.1 tJaJI (jl_2 I a »^-» L| ajlj_^>- 4_>-jJ (jlal fl^JI i_u mJ - 

.(R22) 
.(j^iJl (orchid) oUljU,,,! ^_ uLa^o - 

R717( NH 3 ) (Lu^aVDjjLiill 

. I Jl>- j 2u ' ■• a - 

.'LiLiil ^Lu - 
.La jlj»J jUtiJ^lj JLtLiMJ JjLs - 



-M. 







^_ (Jot" i n < I JlJ J->-t ^La-l i "J (_£l jj_a /,-lc.t KS (J-^=lI LlJtJ^jJ l^j-tJL-J ■ '~^*JJ ajLl<i-4 4_jjIjj>- lt _ys\^J>- 4J - 

.(_£jj>JI daijiaJI Juc "^ ^ ^yA 4JLJLi <Lxj.i " 

.1 j j 1 n's i_£j^Sl j_u-ul_j>s (J I r-lTcvj j j'<* I jJ K..Z.Zj K.1.Z (j^a (jyicl ((j aa a •*■ ' 1 1 J J J f-IQJj* ( V*i1l LLa-Lia - 

■ La-Jl ml 1 nl i_d--vj (_o.j I jJ j hi<->2\ (jj/Ls-Lllj (jj;L^e_LlL^= <LiJljJu>JI j-m JijJL! (J==G (_ylc <_)-«-*-> ~ 

O-JjJI J i^. At jl j^ ' , ^^~'j"j J-^-'-i' (j-* 3 <— '-i)-J' *-l'J)* JsLlL*. 21 J i'* j^j-l- 1 ' j-l — C <JJ-JI *-« r-jJI<jJ ^1 " 

■J.M ifaill CjLcjjijse^j A_ ' ^^J LalJ I iLaa. (_ylc 
■jjl ifolll x_« 1 j , ,. a\l" Ju£. Lu2_ul LJLio ■ La »" L$J2 '~'JD .'^""* (j-" fj)" 1 " 1 aI Jiir" 1 nU 4_tlc ' fl-ia^aul (<Cu - 

S0 2 (R164) OJj^JI Jllcu^I^Ij 

.CjJ_>-<^3lJI Jjl^L>.l i^ya ^ili-Ll «L)2 I Jl>- a\-uu ~ 

.jL*-aJ^U (JjLS j-tC-J (JU'mi^U <JjLJ9 j_t£. - 

JJ ^ 'VY* (j-«S Sp-flJI IL. 4-taJ --jtl 4-JjL*l]l pi j-t^3^l!l ^j^ *Jj Jjl—Lll CjLjj-Mj 4r 1*^^" '"J (jl ^~- " 

.CjLJjJj_flJL) lj_t>.| (J J 1" 1 nl (_£Jl!Ij •* J-^' ' Jj)J I ^~~' ' (J 1 - 1 '**" "I - 

■l£»II .Ui.^tl jj^. —IOC ^j, cLJLJ^ i^jj - 



(C0 2 -/?744) (J3i>^JI t : --.^t^',l 8 -, 

«.lj_-JI 1 a ^^^~-~ ^4-J J^'j— ^' 4r w 1 -^ 1 1 1 '£_ aJlJt" ml > a£ L_£J ;> "1 o"n (_^i— II (jl 0^1 1 (J^J ~*^^ I j laj - 

.aLjJI ^jLa 2I i_-J Lalij (_pJI iSj-^- ■• I (j-^ 3 ^ * Ij (JjLlflJIj y-jl 1 11 Uj CiLii mi" i n ^L> 

•(Ji* '"'"II fylaJLLa f-Lfljjl j^k ij^ui Jl>-I - 







.^jJ^VI JlJ>*UI tiajL^j <_Jx.V *I.}VI J^sLta i a-i^aj LjJ>23 i (J^JJS 4J *I.}VI J^sLta j! 4jj-U1 (j^o lLUJl^= - 
Jl^-jj *$ IjJ (~ 56 - 6 C ) „j^>J A_La2J <j_a JSf (^Jfcj iSj^' JaJL^JI Jii£. _ 78.7 C ^ 4JLic. i^jj - 

O-JJ-II ^_yja • a -^ I j fl>a i Lag I ual) Jj-ajJ,! ^jjilu-a '^ J -£3 ' a -^ Js " ' (_r-^- (J- -*- 1 * '■-Mj "— J -d3-^ ?- a 7v3~''* J " 

0/ 3 CI-R40 JAdl Jyj>l^= 

• l£»II .Ui.^tl ju^. ~~ 23.7 C ^^ cLJl_J£ i^jj - 
iJJljj ulj _L_j^lJ Jaj i "J^~' 4 ic s-LiAIi i_uVI jo_i I J ! j\ zzJuyJ J )LJ9j (JLtJ iIj!mJ 4 jJbLaJI Jo ujILa - 

.jL^taj^flj 
.4_iJljJu>JI j-tC-J <L)JljJu>JI (jjLtll (_)^=Li (_^jJlj I a a he I , I l1LjjJL^=jj JlJ VI (_pa^aL>. /— Laju ajljtlll *_a - 
j1_ll>.I JlJ£. (_3_3jJLI JJjJlIlo ^_ OjjJJ OJire-uj/ (_£JJI ' a-Laiel!l SLclj_a (_cjvj IjJ OjjJI 4r- O^J 1 -^ cjV^ " 

.OjjJI 4_i£.jj 
a^xj>-2l AJLjJaJI (Jl ml i »Li -- uaj ) V ^j ^— ' la ( Jl_JLi>) Jt mi a j| (j»Jl '^" (JjJ^ 6 - ** ' "'J.' ^-^ ' a ■* : '^--' ' - 

.(JLtLi^LI Ja-u^jjJI A-iLLaJ IjJaJ <> jui> 



.11. 






>M 



) \ \ 



JujSjJ\i ^J^ 1 ^ffi uLuuLui 







: Ijl ioujI j '^— > * la 2_3j)j_*JU JlJ^jjJI i_LajLjjjJ CiLal JlJt" i u 2 1 qJsji ' (j^-J-i (Jl O-JI (JjJu>JI 



a|JlJg1^VI 


i l} ,J ""J 


iJjJtl oUMSJI 


R134a,R22 


2 itj /t 1 2< 1 «U,Vli-il.i^-»-« 


R134a,R22,R502 


ajM i nil ^l^jt '**" a ^—^ a 


R134a 


orynopiiir ,-«l3..U-,t| 


R13,R502 


UjJll.-ilrtt^tl 


R22,R500 


2 <>»Ai.; * 2« , „- 2fll«tl. it itj i"il * i^-i « 


R134a,R22 


J U-i , „j~ A <i • , ,.- J«l«ll. ll i\\ i"ll /i i^— . a 


Rll,R134a.R22 


*j , ,£—, 2» , ..- 2 fll «tl . <l t\\ i"ll ^ t^—, a 


Rll,R134a 


2 i\\'i\\ 2^«u-,VI <~i\l , '-^j" <**<t «.»■%. 


R22,C0 2 (SOLID) 


(jjUJLl (ji.1 o^-i Jl 


N 2 


2 ,^1 ;,^,tl <~il M^.tl 


Rll 


a ^•u-.VI Jo.»jvj 


C0 2 ,N 2 


Xjj.iitj 2tljl ,i * ikr.lt 


Rll 



Jj^jjJI dajLj/j (_pajLjJ CjLal JlJt'ii iiVI : ( \ A — ^ ) (JjJl»- 



■ dlLal JlJt" i ill 2 Jl*J ->l'^" JlJ_j_i1II i La-ll i ua f lj-ll ^j-^* ' (jl i t^-^-Nl ) 



-tt. 













, U f 1 i >■ 1 1 c-jj (. , ,,,-y Ju^_uj! ilajLjjj jLll>.| 
I i^~~* Jlj^iTlU 4 laiLaJLI 3jJi_SJ! I. i i n-wj AjLJtTi_uJLl <t-»r.l >>»H C-j_i i. i i n^>. _L)^il'J! uLajLuj jLiivJ LJLp*1 

t^LlII (Jjj^>JI Tdisjj 



. 1 1» l"itl IU 1 1 "J 


,Ur-l ,>.tl c-j'i 


a 1 J Vim VI JUta 


Rll 


Centrifugal (_£j^3j-a ijl* 


?nn-?oooTF 2.,,, — < *..^-tt 




R12 


Centrifugal (_£j^3j-a jjla 

Reciprocating 2_p ^" .UAIj,^ 

Rotary 4_uljj-> 




R22 


Reciprocating 2_p nj" .Uf-lj.>» 
Centrifugal ^j^aj-a jjla 


<~il.i^j * jj^jl -»-"tljj ljm< '* t ,^->"tl 

/ 2 i.'if VI > ■<!-».* ' 2 «,\f> VI <kA->. 
Jtlc CjVI a*" i n^LIj <(_p3j_*JI CjI Jl>-j 


r.Mj ^rinijui 'J'J-^ . J" 1 


R500 


Reciprocating <Lp ^" .UAIj,^ 


2.tj:t| ,/tl ..-.A\ ,-,lA,^U^j,-,l^M-,tl 
SO H?- 2 ,'t ..Ml jj-^" !«.»:/« 2,-^l-L 


R502 


Reciprocating 2j j jp lUj: Ijjis 


2_lJj_m Cjl JtAJsJklj (<U^^= (j_ujVlj 


R503 


Reciprocating 2j j jp J^i. Ijjia 


*jlj -^11 2~^j \ <~.l \ tj^ <"t| 2 ^ umI 
-90°C-2.uz^:\\ 




R13 


Reciprocating 2j j jp ^A Ij^ 


^jlj ~^1l 2~^j \ <~.l \ tj^ «"t| 2 ^ umI 




R113 


Centrifugal ^j^aj-a jjla 


A U-i , „j~ 1 Ij X, . « , Ml 1 ^1 ,^— ." ll A ^ Ul if 

2n«l;,M| ,1^,"!! 2^t^"i|j 



Jj^jjjl uLajLu/j (_pa-*j *_a aJlJt" i nU i La C I LgaJl pjj : ( \ \ — \ ) (JjJl>- 



.tr. 













:a\J\11\ JI^Vl ^£. lilJjj iititJll aj><l!l 



0°C >9txll Sj'j^ ^J" 5 

50°C I ^^ad l Sjlj^ i^-jj, 







(kJ In?) 


4-ll.oJ 

(r-^-)J»LLL«iVI 


JaJLLa 


(C0P)*taVl 


Rll 


CCl 3 F 


443 


5.9 


2.4 


5.53 


R21 


CHFCl 2 


636 


5.68 


4.0 


4.64 


R22 


CHCl 2 F 


3671 


3.88 


19.3 


5.14 


R114 


C-^Cl^Fn 


784 


5.06 


4.5 


4.61 


R717 


AW, 


42.75 


4.96 


20.6 


5.53 



j£j_uJI iiajL-uj (_>ia-*-i «■' J! <UjLiLa :( Y * — S ) JjJls* 



Secondary Refrigerants Sjpli]! aj^UI ^Laj 

' TJ' N J '^ ' UJ ^~* ' TJ- ' "^'^~~' II ' JJ J ' ^~* « ^.LJLl /, A yl -i »"» i ■■! j .^-.Vl 4_j_jjLlII Ji-j^_lLJI LLajLujj 

■ c jjj-mL>Jlj (methyalcohol) J^JliLdl <(>JIjVI t (brines) LpeUtl JJUJkl 

CjLlL^cj a *, Ar <^1l ' fl_u^aLlll a J j-*- 1 A_ (Jot" mi i>t,_L>. VI o t" i ul a_ijjLl!I Ja-il ingJI < i^-J j fr $.1X1 

: 4_xJLlII i_il u.i>U <_lUj>j Ajjjlilll <lajl -"jN -i^^-l »UI j-LLtJ 

■ 4-UM ) n <2) <$-U3\^>- 

.{c = 4.lSkJ/kg) LJLc ^jiJI cGjIj^ 

. n ( i n ) (J^sQil i.ii) na j-ig. 



.ti. 












<jjjj^l 4rtjt-»j (CFCs) oljjjj *^-jjj *' a JUJ *^~* ^ 
5jjj^= CjLl^= Ai-^J o^ ^^ - ft radiation ^7- maiJI Jj^ ^h> Sjuil (_^al fallal (^^ JjWU Ojjj^' ^liLa 

: ^'i «j C/V - f5 radiation {y* 

.(jL_aJM-J <j-L«JI 4jjjJlC f»lj£-J 



p j Iq *- ■ (_ylc cJ -i^*j) <lLu/ Y * - ^ jl1<s LlUJI 3-><-I' aJLlLs (J^L>- j i"i"m *~ ''j.'j^~~'jjj^' a jjj^^~' *— '4h3-^ 




QO 



u 




3 9 



^Ujjj^jj jI^U ^,10 



6 



jl 



C+CI2+F2 (—LaJtll 2 j-» 1 u-fl-i J I ^ 11 <i )"itl 4jljI/Li a JLLsj ^-" Lojtlc. (JJLjfcjJ Cj U_jJj^= Jj jia Jj ji^=J I 

. CI2O *-a a J La 1 aj aj^>JI jr 1 7- ...^—Vl Sjj (0 



.no. 







I j^=akj 3C/ 2 + 3 = 3C/ 2 L^jI 

((ODP) ozone depletion potential) ojjj^' <_><aJ9l-<3 j $>■ ojjj^' LlAs ^^ Jlj>j1II lLjL-uj j_uLj ^« ...ij 

R=22 jl^LUj,.^ ODP=0.5 j R=ll j^jJI .U.,,.^ ODP=l - 

(Global (JlLjlJI ^jIj^kJI j^tL Jj>jUI ^^ --j^ Sa-uJ Lu-bj^l ; j^-— ?l ^'j-^ ^j-j-* «jLjj <- a 1 ..Ij 

: i^jL-uj jukj warming Potential, GWP) 
GWP= 1 for C0 2 
GWP=0.05 for CFCs j 

Montreal Protocol (jjjj^l aJLlL 5jUj>J JLpJjjj ijjalajl 

1 986-2000 ^ s^iaji ^R1 2, R1 1 j^i JaSUj ^ ; ,^ ^ ^^ai - 

.R22i^iij 201 5-2030 - 

.2005 jp* 4-u|jujVI Sjiill IL. A^LUI JjjJI Cm.. .I JuSUiVI - 
.l\ I 043 i_lUj (Jlila 4-u.lLI aJLiJu^s Jj^tlll i_LajLjjjJ (JjI JlJ « J * i aJ pj 



.•n. 













Alternative Refrigerants JJjJ^J! Jy>fiJ' ilajL^j 

(HCFCs) J (HFCs) i-aJjuUI Ji-J^jIII ilajl --j jl ^— a J-stiJ 4 mlt 4JLjLj-a JlJjjIJI ilajl -"jt (J^ljtJ « j ' i aj pj 



CjI la ^y a 


L^ M^ 


ij_j '" ' ' ' "3 


$j LaJI Jag 1 j i a ) <>LJ,I Cjl^eJui J a*" uil 


R12 


R134a 


2 1 < .^ A ; * < " i 1 . 1 -v. j 


R22 


i?407c 
(fl32 + #125 + fll34a) 


Jae. 1 ajJaJ 1 a sJo-^Jl 


,i^Xa, 2, ^~^\\ i-*t|. t* <f It 


#4 10a 

(#32 + #125) 


Ll!L>- J^j>-^JI,I a! talll *_a (J-4-*-> 


R12 


R4UA 
(R2lS + Rl34a + R600A) 


Ll!L>- -i^>-ji,l aI lalll *_a (J-4-*-> 


R22 


RAlla 
(tf 134a + tf 600a) 



4JLjlJI Jlj^jIJI JajL^j :( Y^ — \) JjJls- 
La-a (greenhouse effect) ^U-jJI cujJ\ ijjtU^ SIlJI ^^ jij3 ILiL^JI aJLj^JI JajL^oJI ^La t< rti„>U 

JajLujj ^j_a pj-til ' JLjb (J-Iu3 (j-a (_^aisej II ^_ j_^=Ld3 Jjj i ntlj 5t£aj_Lll i tiJjLaJ JlJL^= ^jljJLiJI ^^ » ) (J-*^>- 

j_j|j.i ^_ (Jjjju <-uJ ^_jJl £==> 4 L)_L) _L_)^u Jajl i-ujj 4_jjJl>- L_L>.jJa-L^=iJ -^ j «^-» A" tl jj j 4 jlc. . J i^il'JI 

:4JjJljJI JajLjjjJI 4j!u3l jj^a (_^al '^""'1 

: HCs oU^jj^sjjjLtyJI . ! 

CjL>-^liL!l 2— aJl-Jt" i »" I j !»-*- ^ JJI (.ill ntl 4_j_uJI (_,_ Ll (J— lS jjjG *_a ajLla-a Jl-^-u ^.a-il ■^■■^ LJ 
4_lL)LJ9 LJ Jajl_ujJI 4Jl-A> (j_^=Jj .«.lj-JI i a ^^^~'"' p la ) ^_ lLUJl^sj a_jjL^1l!I Jlj^-uJI p laj ^ia-xjj 4_jJj_UI 

j f^af 4^a^Li-u (JjL-uj Jl a*" ml ajJL 4_iic '.JLtlii^U 
Ammonia (NH^Rin jjlAltl . <_> 

4_jJu^_llII <J LaJl La^J 4 i ml Ju^jTJI Qjlie^sj 'UJlC. jI 'ix.i_Li^> A_ ^j"^~~ » ' (J a <" "i ) LiL)L_u Ljj^=) j I -i^~* 

■ 4nta Liljjia '<L. JUl^MJ JjIIj aL^ cbj jjl£. GWP=0 j ODP=0 4J jjLAUl .SJli^JI 



.IV. 







Carbon dioxide (CO 2 ) - R7 44 jj^^-t| jlu-o^u! ^Ij r^ 
oJLLq.U tiajLj/jJI ^j_a ^j^jj^aJI Lu ■<^-»T ^--iu j-pAjj (_frja-a.se La GWP j ODP=0 «U 4-a^ i uJl <»i-J^>- (j-a 

4 »>JI 4_ Ivjj ^j^-j <_xj coj (low energy efficiency) * alUlt 4_j*Lo^= 4- t^*-*— ^1 4 — ^H^ ' ^ ^ 

.^jij^ jju, jUll-l a^Jti .juj, j*. ^iiui ^^ ^j (r n . ftca/ =3U°c) 

Air (R729) ^1 . j 

Water (H 2 0) - R718 ,U! .^ 

j-j-^a ol J^ ( T > 0°C) i_JUJ| 2jlj^»JI CjU-jJ, Cj^I q <u i nV J!uVl J^>xl!l J*jL*j <>a *LU j_lL»j 

(tup. j-<-^= d-j lv jj-a 4Li^.t_Lo dULlib J_tr>o (specific vapor volume) i-jjUJI <i_j]L>. '£- ^^cjJlJI /<uj^>JI 
.(Lithium Bromide) ^Liliill Jo-ajjj *-a (_^al ualxVL Jlj^jIJI fO-taJ 4- *^' aJlJcI^ -UA1 ,ut| 



."U. 







Brines ^Ul JJUJtl 

I gUlLa- ^-j-laj CjjJlj>- jjJ^j SjIj^vJI (J-2j (_ r lc <J-<3-*3 S JlcI > na J~D-£ SjLa (jc 2jLlC 4 _ y ^eJUI (JjJLv.ll 
Jljijvj 2jIj^>- 4_»-jJ 1 a a j""j T^-Laj s-La (j-« (_y^eJUI (JjJLv.ll jj^~~ '"" 2 j-<Iu Lti I j-tC Jj_j-uJI <LqJaj| ^_ aJlJt" i nlj 
i^jj jUs *UI 4-J^i' ^?^j Jl ^ 1 <^1 ' tA ^N.' 4j j-i^apJI i>.jJj *UI 4-«_llJdl tcJUI fjj ^^JLl tyseULl JjJLvil 

.«.Lil Ju^vJ ajlj-»- <L>-J-S <j-a (JJsl (jj^—il (J j J Lv .ll Jlj^vj «jIjj>- 

l^A JUjtlmVI AjuLJJI £-}Ls^lj 

Calcium chloride(CaCl2) ajj^JL=JI jjjjJL= - 
— 17°C (^11 jj>- Sjlj-a- 4^-j.s (^j rlTcvj ^pJI Cj^?LvJI IL. Jo*"""jj 

Sodium Chloride(NaCl) ajjjj^iJI jjjjJL= - 

— 21°C (J;r ai 1 g-lig (J j i a *- 1 1 (j^=u<jj Sjlj^*- Aj>-jJ (JJal tcJLU I Jl4> (Jl o*"i i uLi 
rj ' V J '"^ ^dJJ-^ 3 ?— * 4 - l - i5 Li*- I ' '-**" ' (j-}L*JU ijL-isJ (_yJLc JlCI i n ) f. I a^U 4_pcJU' (JjJLvXI (_pajju (jl < t^^Ntj^ 

TJ- ' " ' jjj ' ^~~' (*' ^ r " ' "I J ''-"^ * liUjJj 

J^jtlmj ^yjfcj (Antifreeze solutions) Jl*j?c1!I CjLjLj Lj-lLi jlk-jj *UI 4- VJ^ cr^' ^^=jil o^4 tdliA 

tjjQil (J-u i n (JLl I J* "J *L«JLI J-ia-reTiJI SjIjj>- 4^»-jJ (JjJLjjJ ajLc 

Glycerine (jjj-mJLvJI - Alcohol Jj — *^N ~ 

Propylene Glycol Jj^-JLvJI (>Jjjj_i - Ethylene Glycol <Jj^=i-iL>JI crJiul _ 



.n*. 







A_uLlaj^=JI ( 4_oL)j._uL!l Jlj^jjJI ^-La-l-i ua (_)*a-ll '^^-< ^Lt 2 I (_<^>.J 1 1_ <-i uLlXI Jlj^jI'JI lL^j_uJ jLll>- Z 

.4_lu_l!Ij <L)jIj^>JI 
,j_x5 ^j ^— » a _}J_*_) ila-i i "j J ^— > I a jj »" /«j JlJiS i Jlj^iTJI lL^jLujJ ^-jI—lq-l^isJI *> i nVI Jia LaJ I j Laj 

(CFC's) CiUjJjl^aj^jl^-ttl ♦ 

(HCFC's) olij^l^j^jJ^jk^^jLjjJI ♦ 
(HFC's) oLi^jL^j^jjj^! ♦ 



j^jUI ^*^>JI IjuIj 700 f>\>JI y CxJa^l 4j^jJlj-t£ Jj>xL!I lUjL^j ( ASHRAE Li 



~i "*" ua - a XYZ /aJ9j-JI X-L&J (0-1 <Ouo-)j^=aJLJIj Ouo-)j^=jjJijLil dajLj/jil 4 1 1 nitu Lal.J^uj/jlI 
Y (^J-^ t jjJLqJI CjIj^ ^Jl-C (j)\j i mi J (jr -L<t-Lll 4_l>-1_LII (j^a Z (ft^j-Jl lt«-Ja» t R t_aj.j>JL) ^Jlju 

JJl^. ^ I j i mi j X jl injtl (jr Lc jji>-VI /aJSjJIj Jl»-Ij I JljIj (j-L^-JJ^U-H CjljJ JJlC (_j j J i mi J i-ta m^JLj 

.4jjIj^>JIj 4_uLjj_LflJI i 4_ul_La_i^=JI ^j-^M .^-^-tl ^j^» i 1 j^.a (_cjj Jj_j-l1II uLajLj/j 
.(EPA) 4-lllI I CjLjSLJjI d)l ilLalLa *_a Jj^ljjJI Jj_j_pJI LLajLu/j Cj I j-i.a.4 ^j-a 







t^LUJlfi (Y 

(j •■-^* 1 R12 aI JlJt" 1 ill Jl_Lc Jl-J^_lLJI 4 t 1 n (j^a j_<_^=l (jj ^-1" R22 A I Jiir" 1 ill J^_t£. Jl_J_)_lLJI 4 t 1 n (l 

.R12 a I JlJt" 1 nl Jtl£. I j La j » ua I jij i -~'~ R22 a I JlJt" 1 ill Jtl£. Jj^xlII jj^ulj^a (<_) 
aI JlJt" ml i!L>. £_ LjJ>-23 «L«jjt». t-sLtiisi 4.L.u.a_-s- jj^— " Rl 1 AljJtHuul iJL>. IL. ilai: 1 tiaJI (<u?t>. (Cj 

.R12 

.R12 ^IjiitLuul Jtlc «L«jj=->- i—SLuisI 4jMj jj^-— _' R22 -aljiitlujl Jtlc I ^A-»-"tl j"l'a /oj^ej*. (o 
.Luj^a^L) (J.a-^3 (_jJ-JI ^>f^' 4_aJij| ^_ 4_ujjL>iJ j_u_ulj^a ^j^l 2JlJ 4jjj9 4jJljJl>- j_ujjIj^j aI Jiir" i nl (77 

.(CFCs) C:lJ_aJj^=jj^iajj^i^=JI oL^=>j a L$j jlHaJ < _ 3 Xl1 i^=pAU ^l^kll j-^=>il (V 

.R-22 ojd>^ LjI_3-j* t>« ^4J^ J-^=^' (*■ 
;A_Jll!| JJ^xlJI ilajl mj (Jj9 J^— i 1 j/ a Llkaj^J "tl a'tljU , ,,VI j^J j^=pl (0 

R-502, R-ll, R-12, R-22, R-717 

: 4_lILjJI Jj_j_tlll liajLu/j jj^a J^— > ] ■ _'V^~~' " ' '^^""^j"'" T^-^J O 

R744 > R40, R502, R134a, R123 

"Ojjj^n 4-S-Ja /yic Lfc_jjjG 1- 1 1 11 ->• LlIjIJj LujjJ AjJLlII Jj^xlll uLajLj/j i_ <3j (V 

R12,R11,R22, R134a 

: 4_JLlII JlJt>_<ILI1 liajLuj (j-a J^— • ? - i£»II tlaJLiiaJI Ju£. . (jLiAJl i»-j.i j ^— M (A 

R717, Rll, R502, R134a, R718 

: <Ll!q]I Jj_j-<jJI uLajLj/j ^j^a <_J^= <_i_j-lCj Cj I j-La-a jl Ltala.1 ) t _paj t" 1 nl (^ 

Rll (I 

R-12 ( M 

R-717 (o 

R502 (o 

(_jjJI (J^sIjjlJI ^^^ La I QJua (^algellll 4-ajLJr" ml, I Jjjj LaJI ^yik La J Jj^jIlJI «JJ-S (_y-^- * J ' ^-^ ' J-*-* ^ 7*-^ 3 ( ^ * 

. Jj^ilII j-jljJ <4- W^ 7*j;a ' "U <UaJejJI ^^-i^-— L^-tic i—dJSjjj 



.VI. 













J If ^UU.^'.VI ^£>^' <— ''jJ- 5 4r LJLaJtL-ul J^-— »j (j^-II ( '^-^ Ij'^N ji ) .t^Al ,>,tl »1 ami j-^ajl ( ) ) 

tijJLlII Jj^_lI]I uLajLj/j (j^a (J^au lilll ml i ul 

Rll (? 

R-12 ( M 

R-717 (o 

R-502 (o 



Brine Solution ^^tiil J^LsJLl £>£. ^jj" La i_u^=>I jL>jLi ( ) Y 

^ '■1?.'"'^ J*'* J N 4 ' ,'D '""'^ J** ' ^-■^— ^ 4 ^ajLJelmXI 4 aJbieJ ,1 ^j^* 1 iJ -A La V 

.<U_o-)LlJI Jj^ill LiajLuuj ^j-* 3 ?«-J_J 1 j-^= Jl £ 

5 4jqJI!iII Ju^-pJI ilajLmj -S>>-f (jja »ULl j-ll<j Ijili, 

. Jj_j-l1II LlajLuuj Jjjj-Ls ^j^ 1 Ujjj^ ' A * (J^ 3 '-' ^ aX 7"J-^' ^ 

Siill jJ Jjj-ojJI *_« 4-LL.iiJ AJLju^aJI J»J><UI .UM ...j. \j , ^. 2 1 1 La ( W 



-Vt. 













JjVl Jlj_^JI 

t^VI (j-a (J^= "M^- f^'-^J ' P"h it-itrV <n <Jlt"( i nVL> . I 



./yC^-LII j^j!tj»Jl tlj^-iJ 


.Y 


.2jl^j»JI <<-»-j-i C i_j-i3 i laaJaa. 


.1 


ij^ ,",tl ,U ,,„jt 2;*l<^-,tl ^jlj^ll J", i (j;."itl -j--'l 


.£ 


^j-^^o "**" 4-aia-La 


T 



tjj-a J^~ '.' er 1 -*- 1 1 iL* - ' 



Jj^jlII ajjjj *lji^l J^sLta .Y 


■ aLL>JI J^aLta . ^ 






.JaLL^VI Ji^, .Y 



.^Jj^ilII jjjtlll . ^ 



rvll Jlj^_uJ| iU>j...jt 4 j <jjljj>. ^^LvjJ (j^J (JaaJ (_5J-Jlj ** »' ".'^ J^ 6 -^' * '^'^ 'JJ^ 4r - ^ 



tj^ Till ,l-i i , „j (j'j^ < " J ' • a ' 


.^jj^jIIIjjjLiII . ^ 


.Jj>-lL!I sjjjj *l.i^l J^sLta .£ 


lLs! » uaJ jtl (JJLiIu .1 



p-i-uuA jL»jJI '• 40 °C ?JLu i : '/'^— " ^>-j-^j ~~ 20 °C iLj j-fjtjj i>-j-5 >-* »<* R134a (JjjjjL J-a-t3 i^Mii 

(-ic Jt Mill (. r in->-l I V".^-.tl , U j , ^ jJc 70 °C ( _ ;r 4> JaU uaj^l Julj «Gjlj^>- ij».jjij i lLlJ: 1 tiaJI <Ji».Jua Jtlc 

.(JjI i nit (jyJJJ bjL £hP ^^3^ 



.vr. 



Jj>UluUuUi 










. Lus^a 21 Jo^-d'JI . t-.j , ,.jt Cj I j-ia-t I (<ufcl La . < I 

R718 <R744< R134a< Rll< R22 

:<Ll!LlJI Jj^jjJI JajL-uj jj-a <_L^= Ljia. I Jlj Ja^jp (_jJ-5l 4JI ala ■ •■ *l (jjJ La . J 

R717.R134a.Rll.R22 

■ 4-u-JI £-iaJ3 (_r^- L ^-ta J-^I-JJ Ojjj^ ' A " ' ' •— J HH>^ = iL>L?^^ AJS^Lc jLsou 7"j-"j"I - -4 






i 

a. 


1 






I 


y^ l^lB""^''* 




* 


/ \ i * 

/ r 






}i.lfl13j1j*]l / 











. (m) JJ>j1!I Ja-u-ujJ 4JL4=JI ite^aJI (^JLl Laj i u 7) a (m ) J>J>-pJI ila-u-uj jL-kj aJI^= = I aLajJI J^aU-a 

m 



X = 



in 



-Vi. 



Jj>UluUuUi 










(COP) Jl^UI SjjjJ s.bVl <>L-« .Y 

, Ul » ,^ iVI (JJljIu (_yic Laa-m^jfl (<2 )j-itjJ > l (J-4^>- 4 1 1 n t t_gjl i n t (COP) Jj^jjJI ajjjJ sl-SVI J^Ltd jl 

.(W)^=JI 



C0P = 



w W 




jAhl\ 


uL^I 


RE SjLj 


RE ^Jlj^jIII jJiQJl 


W c Cj_jjj 


W c .Uli.^VI JiA 



-V«. 



Jj>UluUuLui 










i 50°C J 0°C 5jIjj>- ^aj».jj (j-u <J-«-*J 3 Laj i u ' 4_tlaLijJajJ ajjjjj Rl 1 Jj^jIJI i Laj i uaj (p-h) <Uajjj>. ^j-a 
J ^J cJL^= (4 (jlj 1 (j-o ) rfU-ujJLi 4^ea-ajJ,l JaUiill J if ^liu^/l ijslla ji^ 3 ^ 

\=39lkJ/kg 

h 3 =h 4 =245 kJ /kg 



h =423 kJ/ kg 



RE=h -h 

1 4 



391-245 = 146 fc/7% 



m = 

RE 

36.5 

' 146 



W = m(h -h) 

c v 2 l y 



= 0.25kg Is 



= 0.25 x (423 -391) =8 Kw 



(RE)^jb H Ul wh LibJI .^ 



(m) JlJ^jjJI Jaj i -j (jLjj_i-u (Jjut-s . Y 



.(W) JaU^.^1 Jjui T 



(COP)jj > p]l 2jjjJ ebVl J*L-« .i 



-VV 



Jj>UluUuUi 










COP = 



Q„ 



w 

C 

36.5 



= 4.56 

(jl Jljso (OUj| TcjisjJLI (p-h) JaJoiao (^-"J J^ 1 - 1 

h i =3S5.5kJ/kg h 2 =422kJ/kg 

h 2 , = 429kJ/kg h 3 =h 4 =256kJ/kg 

(RE) L $j^ > -ul\ j-uh]\ 



RE =h -h 

1 4 



= 385.5-256 



= 129.5 kJ I kg 



(m) Jlj^jIII iVij i nj ^jLjj-ij/ (Jjjla 



m = 



i 

129.5 



0.0077 kg/s/kW 

(W ) kW Ji==J cL^L^Jl ^ JiiJI 



W = m(h ,-h) 

c v 2 \' 

= 0.0077 x (429 -385.5) =0.336 JkW/JfeW 



i 


i 










p 












n 


3/ P = 


= c / 


2 


2' 




• « 

-5 


r c 


/ 1 


,11 




1 ^ / 

1 " / 








Pe 


/ 4 


p = c 












1 1 






RE 


J ' W C 


— m 










j *i* 




^3 = ^4 ^ISiVI 


», 


h 2 


h 2 . 


h 



-VV. 







>M 



) \ ) 



Juj£L}\i ^J^ 1 ~'^- > uUuLui 






COP = 



1 



0.336 



C(9P = ' 4 



/2,-/2 

2' 1 



385.5-256 129.5 



429-385.5 43.5 



h -h 

2 1 



V 


-*, 


422- 


-385.5 



xlOO 



(cop) j^ui\ SjjjJ *bv! j^u* 



2.98 



= 2.98 



(l1 ) A_ua>jj)_l^?l a*Li^=J 



= 84% 



429-385.5 

dJliJI Jlj ,„tl 

jUtiJ^U 4JL1L3 j-j3 - 

L^jj i n"< jlc • a I .*:.". ^— VI 4 l(j i .I - 

^j^i^a^Lljl Jtlc (jL_ujVI rf> i n*>i 1 ajLiis^-i^. - 



Lu^-aVI Ju^jjJI Ja_u_u^J Cjlj_L4-4 /<ut>l - (—1 



■ J- 



<uL*AJ aLo 



U j^»J jUtiJVIj JLtLi>U JjLs 

» ' "J l£' 0~° Lr-^-' ^S J ^—■^ LiJtj^jj I^jjLj j—Jajuj SjLLa-a AjjIjj>- q^\^. Al 
oj . .^-. tl SJijLlII i jJ>^ e ^ L ~ 3 J-^i i—i-lLClII « 'I '-^"j /7-^' * **' '-**" 4r J | ) , " lllt IJJ 

.(_£^>JI Jai i^tl Jtl£. — 33°C ^jfc 4JL1£ 4-^-jJ 

-VA- 












.1 j j i n'< i^j^l j-<-<-ulj-« Jl r-lTcvj ^£3 I jJ R22j R12 ^j^a (jyicl J J* mi"! I Uai-ia 



2 hi i «, i^-. tl 21 1 ,^\\ 


^D '" ' ' "_3 


CHCIF^ 

2 


R22 


CCIF 2 


Rll 


CFCHF 

3 2 


R134a 


co 2 


R744 


H 2 


R718 



2 iljt-. , ,.Vl jjjt 


. 1 1» "ill iU i « "j 


J ^l 


R22 


Cr 11 - 53 ^ 


Rll 


CfJ'^-J^ 


R134a 


(^ 


R717 



tjjjj^fl 2 iijVij (C FCs)cj Ij jjj-^ajjjlajjj I ^—i J I - _a> 



-V*. 



Jj>UluUuUi 











<3© 



*j? 




#% 



% 



^ 



( _ ;r Ll cJ-qAfl < 4 un Y * - ^ Jl1o LlMI _^>JI A-LlLs J^L>- 



"3 ^3d>^iJ3%J3 i ^ :^ - !, ^^H- 

• l-» ♦" 1 -i j-T . ...V< Ml (j no i"itl 4_*_iI/Ls A Jda-i aj Lajiic. (JJbelij '~'''J.'J *~~'JJJ^' a JJJ^*~"~' - ( ' 

C+C1 2 +F 2 

. C/ 2 + 2 J\ Ji^L 6dJ^=J' Jf^t O 
3C/ 2 + 3 = 3C/ 2 <9 L^jI 



.A.. 




.^ irT>p II 1 1 1) n i llrj -c^ i n II p 1 1 n i 1 1 rin In II niiiinq p II 



i^&DU JU Jill! <Ilu1J uUwLwl 



i * i (^-V.tl CjLu-uL-uI 







A«JLM 

<J-«-*j <L»-j)j_« (Jl at" i ill ,, Mii^l^ jjJLjjj c-1 U", , „l <i»_p» 1500 aLc JlLo s'^jJI l—kjj^aj icLu-a Cjjjlaj 
jl L)jJi_) j\ J-j (_p-^ 7"J 'J-^' 4.cLLi<3 ,j_xj *lj-JI (_Js_u^z3j 4_tl»g clLJj Jljkj '"'jj IaJ p-j ( _ 7 — i-ua cJl_u^=il1J s-LlL) 

. JUjJI IL. LjjjI Jlj CxJL^=> ti~p- p-ILid! *lj-=j-f j * j/'^** 4r *-^~' -'*^~' -" 

Sj_.il! _(Air Conditioning) elj-JI ■ : '::^^" p-"-"1 Stuart Cramer j_a I j___? J^IUf 1906 a L_ IL. 

(j ^— jj "^1 (J^JlJl^XI (Jj^jj 1911 aLc IL.J r I J J U 4-j^LjJlj Sjlj_»JI 4_*-j.} £- p^— ~-"tl ^Jjis (__!_. . Jj^l 

p__il I ^-Jg JjJLLf ^pJlj *l_a^l! i^Jtlll ^>-j-ij 4ja_ajJlj ^'j-*--" ^.J- 5 4r p^— — "^ *-2j>13 Jl Carrier jjjL_=> 
i : '^' :1 ^" a-^JlIa CjLi1___*. CjL mLmf <j_« ajjJI j__ j^jkj (Psychrometric Chart ) 4jp^_aj___jL_J| 4__jj_>JI 

j 4_>jj_jJI 4_L«_=_t ^_ p^~~ '*-" ll <- i i i in i3J3^'S 7? J'-" ''' *i— 'Li— — i (_p-a <■— ll— ' I * — — 11 ^j^» ' CjjjJ_j J_Sj .«.I^-JI 

(( a ±l^3j) _L)^U ^_ (Jl Qt"l I II 2 I J I /— g I * — — ]| (Jl Qt"l I II 2 I C--^>- (j-« fl^jJI L-a.U___J <Ll_uJ_ui ' ** 'JJ (*-* 

< ,_ll_La Cj2|_>J,I jj^a JtjJmJI ^_ *'_a«J' <— — JJ— =— - 4 —a j ) J ^ mi < .a^jJIj .(1924) ill Lt- _u ■ aJJ 9 7-jl ml, I 9 /—iLlI! 

^^J "•** " Sl_L>JI <— Jl dl— — a ^j_a 7t-Luz \ *£--£>■ TtJI.. J-— ill (JjL—uJ c AjjLso Jjl^—ul 

^j_a (jj__=__) (jr- ^J *'Jt-^' ' a ^^^~*"' *— ■ "-j mLml 4_±j_l>JI <Jj_4> ^j_a 4_uU_l 4_lujJl— II Sj_»-jJI (JjL-JTijj 
4 j i iiL^VI dl LiLa-tJ I j Li 4 ''j ^— » 1 1 (_^a-il i^-^tlj ^_^" '■'jjj ^— lj i oJl 4_Laj^>JI s-1 mi<Li ^-I.t-1 (Jj^i I Jj^iAJI ■ (j"~ I • ta a 
p^-1 LaHJl (Jlj^>-I j^=JlJ I -i^""* t (j~LJr i inj J^J^p (j-a AjjIj^kJI (JLv>- ^1 Jl ^j lau ' j^LlII J .^.Atlj ' ^*JJ' i *~'" 
Jl J uaAJI (^j-Cij dJJj Jlju .( 4^-ljJI 2Jalzla ) ,j\ m'lVI 4j>.|j ( _ ;r Ll jiijJ ^^Jl J^al_aJ«Jlj 4_t>-jL>Jlj 4_JL>-I jJI 

^Jiiai -1 Lag.1 «^a ( ^ujr ml jl Jlj>-<3 ) i (steady state) jljii" inVI SJL>. j_ ui 4_jj|j^>J| JLaj-^/I ol ''j^-— a 

^jjLdll ^j-a JJl^I x_ lis j pj Liiajlj a Jlj>-jJI oJ_a> (Jj_«*^2 jj_« J '^-^ J ^~~* ^LiL^J JlJ£. ,j — ieJ a X-^^ p-i 



.AV 







■ 4-taj.mJI AJjlj^>JI JLu-VI CjLI uU> ^J^*.'.' f»UVI 

: ( _ r ic 1j-ilJ3 UJ^~ '"> «J^»_^t <>ji-* Jo^—i" LaJtlc 

.4J <LaIlie 1 1 i _j^ljJKjl JljJljso (jjj-Laj ' i Laj 1 1 *'j*J' <j^" '^^j diLJ^^auo <13j_*_« • 

4J\Ix9j ^— ^ ■ gj| 4_LaJ^>JI (jyic JS-*J /Jill iAlHieJLl i Lsa LaJ^J I (jyic i_3jjlI!I • 

i_)l <^>-j < a \j", &aj£~ i j , ,,11 4 LaJ) -•- 1 1 /- 1£ a allieJL I a ^" aj^*^— . j , ,,11 CjLlLulJI J_ll3-) * 

. Ju^jI'JI ' ail ^JlIII aUiii JljJu><jj CjLlLsjJLIj (j-Lsr i n"tl i Jjj-lL!I dll al a 

(jLjjJ^LI 4j>-IjJI (J^al^C JjJljsoj s-I'imiII ji I *^<.-»lt 4_l>.jL>JIj 4-lL>J jJI i_3jjiaJI Jjjuso • 

■ (q-^-J'' ' ""j Jj_j-u) 4jjIj^>JI (JL^^. VI Qui i ua. (_)Jaji ' (J-«-C * 

.'/■)-' A i uiMj Sjlj^>JI oJlJ J^l^— tl jjLaj^l (J\ ejjjuil J-t^aJ (jf 



-At. 







Psychrometry dJjU^jSyuiJ! 

<LaJuLa 

da aa. i a ij-g". U*^— i ^ ". ^-» CiLaljiir" ml A_ p j a a j a i <L_t_a^_J! I ZjLpJ ,, i_uL_ul ^j ^— » a s-lj—JI 

AJ_L (jl_L>-VI q a j i » ^— > ^_ .(Jj—UI ^_ 4_l_jl3jJI i£j" ) n a 4_3j_*_a J^_Lc p j " 4_j| I o ^-» ' * .j * "*" ' 4— aJLleVI 

.TtJ l..^l aJI SjLaJj 4_lji3jJI i <5jlj^>JI 4_»-jJl^= i _j^ljjKjl <>Jli4> {_ys ^y^Jt ' ^r- r^^~~' ~"" 1 ^' 
(jl_^=3ua (J^L>- 4JLjj_uj_a «GjLaJ < «Qj^1sj < *'^(J' ^j'j^ ^^"J- 3 Ar p^~~"*~ ' (j^ *J'- lC - J-^ 1 *' 9jJ' ' ^^^^~*" 
(jl ^— » 1 1 jJLcLifaJ 4_^jj^=j| 7tjl_aj_Ilj Sjuj/Lill CjljLiJIj < Aj^jVI ^j^o ^Jl r- < 7tJj_a i La ■ u a (_ylc (Jj • -~ *- 1 1 (j"L*-a 

■ 4 i ( rill (Jia '^-3 X_L4J>- ^_ 

Psychrometry 4j>i*aj^j,,,tl 

.|_£j^>.| ^^^Ij-a-j A-ijlajJIj s-lj-JI 2jlj^>- 4_»-jJ (j-LJ <LJ9^L*JI Lj-iLi-I 7t— lisjJ ^""jjj ^— lj i ■■" 4_Lajj^>JI 

^_ aJlJt" inl (_jJ-5' CjI J^jlXIj Sj j - *- »' .J'" * ' J^-iJ^><-iJ j1_ll>- z SI Si ^— > (Jut" i nl ^^"'"J)J ^~" >-£ '"" ** *aj) -•- S la 

Atmospheric air ^^j! ^\J 

.ajLc ■=*■•■ a *"" (_£JlJI *'j*J' J-^J ' 4JL»Ozlj jLiJlIL^= CjLi_altl (_^Jaji ' (_yic (_£_ai>J 4Jl I a-^=> .jj;j_».| 

Dry air uiUJ! *I^J! _ ^ 

t ( LutJe.-*. ) 78% jj-C 2jl_iC j_a>j -slj-jJI (j-a 4_l_aiajJlj CjLj^aJUl J-^= ^'jl ^-^- L-^L»- » I J-^I I j-JLtJa 

. (Jj^>-I ^j'jLc. 1% < q^ '"^~=t 21% i jjy^^Lu 

Moist air i^L, ^1^ _ ^ 

.AjjJajJIj i_aL>JI *l_a«JI (j-a i-La-tla. jjb (_*IajJI *I_4*JI 

Properties of Humid Air <-A>jl\ f.\^l\ ^^lu^. 

a U^i , „ ,tl jj-Lilj-aJI (_^Ja_itJ -1 Lag I ' (»3-2j i_3j_ij/ (j—ILiiil jLiJI (j-Lil_a^ j>_iTli LjjLLa IjLc. *lj-JI jLiTuiLi 

: a^j~ ^Jj ^— LJ i oJl p g£ ^_ a JlCI malt 



.Ar. 







Daltons Law CjIjUU oj^^ 05^ JU-<lmLg 

P = Pa+ Pv 

(Specific Humidity co ) ij£.>JI *j$J>»>J1 

*lj-jjl (j-a 1 kg J ^— 1 *lj-(JI £- AJaJojJI 5-J-*^= jlj rta (_,_<k ( 4 altaJJ ijaJapl jf ) LiC^jJI SjaiajJI 

m 
ft> = — - 
m„ 



m a = kg «JL»-_aJ *'_^J' it^= 

: aL*JI CjljLiJI (jjjLS (Jl ml i nuj 



m„ = 



^v 

7? T 

a a 

rK__l 

™ a RJ V P a v a 



*\^\ ik*= 



e>= ^L = P^L x M<L JL^I A^jJI 



(jjlJI J (j_aJL!9 <>» L>^=^ 



mixture a v 

T .. =T =T 



mixture 



tn p R 
m a i? v p a 

P = P a + Pv 

_Ai_ 



2uil£j!3i*-jJ! 










P a = P " Pv 

* /? 18 



# 28.9 R 



= 0.622 






Ij^VL^s <U£.jjJI 4_)jlajJI 4_iQ^= Q^ 3 1 ' f*- 1 O-^i 



^ = ^ = 0.622^^ 



.( p v ) jLJe-JI JaJLi-a *_a i. < i uLiuj 4 j 1 1 u ill 4_)^Iajjl ^jl ■- i aj ) Lufc (j-«_J 
* i ill"! I 4^>-j.i (Jj P V (J '-"" LoJl-Lc s-Ij-JI 4-Lq-reTLl Jlj>- ■ ,^Oi\j i *l_U jl_ io ^j_a ^rUL>3 jJJ9 *'_^«J' (J-q-^i-i 4j1c 

Relative Humidity (RH) 4n,„;il ojiajJI 

3 




10g/m~ 



22°CaJfltfS 




20 g I m~ 



LL C affiles 



RH=50% 



RH=100% 



4"i,,„;ll a^jJI :( \ - Y) J^i.t, 



p-fl-L-Lot fi-J . 22°C «jlj-^>- ^>-jJ i-i-J^ lOg / m t_gjl ml 4_3j_c. IL. Oj-^JJ 4_l_jiijJI 4_l*^= pJL^= Ijj 

(jj Jlj>-jj .4_i^IsjJI 4 Jl^~~' 4r 3-il— ij (_£l (J-l2j z O— (Jvj *_i_lLuJI 4_»-jJ J! (J-lsj (j,^- <13jJlJI s-'j-ifc (J! 4_i^l3j 

-Ijj Lt 4-U_uiil! 4_)^isjJI jj ^— " 4_lLi 20g /m ( _ ;r jb sjlj_J>JI 4^-jJ (j-u-aj Jl-lCJ »_i_luTJI JlAJ 4_)j1sjJI 4_l«_^= 



:^> 



RH = — = 0.50 = 50% 
20 

.«jlj^>JI 4-^-j.i 5-iLjij *-a Jjjj *'_^J' Lgl-a ^v j j! (j^~i «1J tpJI *L^' ^-* 



^ 



.Ae. 



2uil£j!3i*-jJ! 
uluSyill uLuiiLii 






jaiaAxJI 




10g/m : 



27°C -^Ai> 



RH=39% 




25.6g/m : 



27°C ^*i> 



RH=100% 



Sjlj^sJI i>-jJ *-/» *I_^JI <4$kj 5-iLjj '.( T — Y) J^a^ 



4_j^IajJ| jjLa 10g/m 3 ^gjl mJJ—pJI 4_ eJj^>.jJLl 4_)_alajJI 4 J -1 ^— ■ '"■ Jl ^— ' lil 4_lLi t 20g / m 3 £j-a 

'. <ja^aj JLtJLia. 4 j 1 1 u it I 

#H = — = 0.39 = 39% 
25.6 



: < jr b I -i^— i I j" iLI^a ^j 1 '" - 1 1 ' 4_i^IajJI i_aj^*3 (j-^J 



77?., 



RH = 

m 

g 

jJ_^=l<jj (J! oJuj '. ^? j_ii> s.LU Jl— >J ■'-"■♦' a j p j_ib T ajlj^>JI 4_»-jJ JlJ£. * i mi" II JaJi us j1_iTl£.Lij 

: Cr ]LUL^= 4n,,,UI ^^LjJI ^L^= 



< RH < 1 



/? = /? + a>/z, =cT + a>h, 

" IS P fg 



RH = 



(^,43 sl^a^ll ^IfuVI Lai 



Dry Bulb Temperature (db) ^,l>ji SjIj^J! jUjj 

.(_^jLtII^La_o^jJI 4 La i ul aj 4_u/Lail ajlj^>JI 4^»-jJ ( _ y jfe 



.An. 



2uil£j!3i*-jJ! 










Wet Bulb Temperature (wb) UajJl Sjlj^JI £».jj 

4_»-jJlJ 4_lLsj_JI ajlj^>JI A^»-jJ i_3j_*J LJl_L>.| ■ 4il.ua (^LajS 4Jtlaib aLLaJLa «QLu^aJ (_£-iLc /< 3 '''j j"*J "j" (j^ 

(j-a »m j-Lsri't i_aj>UI Sjlj_>JI (jV LiUJij (adiabatic saturation temperature) 4_uL>Ljj>VI » < A'tl «jl>>- 

• gLj-U j-l J c- iT l? (^Jj^jlII j-jjLjJI jj^l jjjU (^yjkj.LJ 4-A-J^ <_p9t 
Jl^-Ij jl frao jLp.2! J a j/"' ^— <fr <J-"L-^ (wb) 4-JajJI ajlj^sJI 4-j*.jJ>j (db)4_sL>JI ajlj^>JI <L>.j.i 

-.(^LlII J^suUI 4- U^= (sling psychrometer) pMULi i-3jjlj 




g>lill:(r-Y)J^vA 



.AV. 



2uil£j!3i*-jJ! 
uluSyill uLuiiLii 










_LxC [_£j_>JI lLjJi LJaJI _LLc ' i Ia< II *lj-JI (_^a-ll i<aj. JljJiJso J j ■ uJ S 1 _S 1 l _ 7 -& ^ji} "Jjj ^— j ■ oJI 4 U i > ^ 1 1 

4 LaJj -•- i I d A I", ->■ 1 1 i '^ i i^-i"U CjL_lL*£. 7c l^> ojj (Jj i "" 1 ^ ii 1 <ii==> A-lajuJIj Jl_j^uJI Jl j_swf i a Use^a 

: (jr jb «.l^il j^^l^i" * j i ii (_yic (_^jIL>iJ <Up-aj)j^— i j i n 1 1 
3jI^j>JI <Lj>-jJ CjI*|j_2 (2^-J_5 ■f*-'-"^' ^r l' : ~"~' ^ J i ii Ij ' log Iaj. /, Aa '. 4_aL>JI ajl^_>JI 4_»-j.i i laalaj. 

.ijp-ojj^auujiJI 4_Lj^>J1 . Ut-^* £_ ^'nintl j_^>J,l <_;,!£. (>uj (db) iaL>JI 




)l >^jl 4_^ O ojlj 3 



iaL>JI «jlj^>JI <L>.j.} .UjU^. ;( £ — Y) J^— u, 



K V V 'V >s — 

\ \ \ \ X \ 

\ \ \ \ \ N \| 

\ \ \ \ \ \ 

\ \ \ N \ \ 

\ - \ \ V S N 

"& > N v \ V S N 




(wb) 4_lLijJI ajlj^>JI <L>.j-i 



4_Jaj_!l ajlj^>JI <L>.J.} .UjU^. ;( — Y) J^— ui 



.AA. 



2uil£j!3i*-jJ! 
uluSyill uLuiiLii 










(RH) 4ji,,utl O^Ia^l - 




■ 4j 1 1 nitl 4_i_oiajJI Cj_ojJ i La a La a. :( *\ — Y) J^-» ■"■ 

( CO )S_j£.j-l!I ij^IojJI 
( *LU ) 4_J_alajJI A_L4^= ^y'L-tJ (JT-&3 kg I kg ijr J^ 4_Ulji]l 4_>_alajJI a Jl^j-j jj ^— " La LlILc. 
jj-u^l 4 j in*< g/&g SJl^oj (jl_L>-VI ^j^ *J IL. (j LsjlS JiJSj i_sL>JI *L*JI (j-a kg ^1"^— IL. «Ji_a^ji,l 
p j , „tl j i ,~.,i 1 -i^— Lxisl ^l-a-iil oL>ol '£— a^jLjsJkl 4 La 2 * II {_yi Ij-dJJ .«.l_a«JI '£— a Jij^-jJ. I s-IJ.1 SJb^= ■ 
.4laj^>JI (jr Ll il i^aJI J_a^ta ^^ 4_i£.j-LJI AjjlajJI CjUIjjS . LiUj ^J ^ujJLi 




4_tcjjj| A-ijiajJI >-li_ajJ ' La a La ^- :( V — Y) J^-* ■"■ 



.AH. 



2uil£j!3i*-jJ! 
uluSyill uLuiiLii 









(v) ^^jJlJI *j*j>JI 
. Jls-Ij JJulII ,JJS JJ9l jjkj m I kg «Ju»-^ j-ifcj 




j-lOJLJ ' . "<^-»tl ^j a j ' ' ^-» ^_J ^J^" "Jjj ^— i j mJI 4_LaJ_^>JI i_aljJal (_ylc J^>-JJ (jr^"^' ' J ^ 

•Ml* JlcJI 

120 




.^yJlfuVI aILLs Cj_o-u .UjU-^ ; ( ^ — Y) J^=_ii 



.^.. 



2uil£j!3i*-jJ! 
uluSyill uLuiiLii 










Dew point ^jjJ! **.j.> 




^Jtlll 4-»-J-> ^3^ ' J **" '• V ^ * ^' J^"""* ■"■ 

.LLUj J I f^l 

' *D~ "JJ *~~' L ' " <UaJij_>JI CjLJ^^=uO (j_<a ^ nn^. (j^-J-l Jl CjJI rtjj-ujJIj 

ijLjJI Jjlj^JI i&.jj 

A-u-uuJI ijjJajJI 
ijJLlI 4jj]ajJI 




i^L>JI Sjlj^>JI ia-J-S 
''■^"'"JU^""'-' " (_J-i3 1 J-><-I I ' kj " > '• ( ^ 1 — Y) J^— I ■"■ 
,4-S-ll i nil Q i nil j^^IjJkJI jjjs (2r^j-<jl A^J-ta (_o.J <UL>. mjI Jtlc *I_^iJI <Ux2b. JtJji^tjJ 



.11. 



2uil£j!3i*-jJ! 










:YJll. 



.dp (JJuJI 4-*-jJj ^# S-U-mlll ijjlajJI Jl^jI . 24°Cfw^jj 32°C(db) Ju£. t_Jaj eljjfc 




. -u,„tl j^Jll ^ J2°C jjo- - 

. 32° C 4 La 2 * II ^j-a "-jj^'j (* xu _)' 

.4jlajJI sjIj^kJI ia-jJ (-istla j^^il 24°C «jlj^>JI <L>.j.i -}Jl». 

.<Lal_>j| ajlj^>JI 4_»-jjJ (_i_ulj.II i la *- 1 1 j_a *J_L__ (_;,!— >■ 4-SjI i nil 4 La 2 * II ^jjs 4__>jJI SjIj_kJI l— _- *-fo 

.*I_^JI il__ J>J_-. (A)«JaL2lII 4 La 2J J a - 
(flff =50%) 4_ajj_-j| ,j-a 4 jjMutl 4j^_>jJI T>sl " 
t * j mi"! I —a -^ « Lai— ^jSJj^iA) !ti_L__l 3 ta—j £_ya -j— — I jL_j-JI £43* <__iol '. ( dp ) L ^JtlII 3 La— J JijJlsi— J 

(4> = 20.4 C) »-.,.-- 1 -a-. <_1_ Sjlj_-JI i^jji lj_l LkJuc 
.A-lIL-I 4_La^l <J_. ^-iTlJ 4jp.ajj.f=_jl mil 4— aJj_«JI Jot" ml 

.(w&) 4jj_jJ1 aj1j_-JI i^»jJ -^J^ RH = 60% ihin't ijjJajj 23°C( db ) J if s-^J *'>* 

_»- 1— tJij)af I Laj> («-i-ujl 4_Laj ' o''i '"^ JJ-- > -^ <jr— : 2.? °C 4_L>JI «jIj_kJI 4-»-j._ -.-—>- 

. fl# = 60% 4jjM<?tl Aj^LsjJI 
W& = iS °C i__ajJ1 aj1j_>jl i^-jJ tj-3l «-Lal2"tl 4-a-j (j^s - 



da a. ■» li ■■< 



Al. 







^LiiVlj ( o> ) A_ui>iJI 4_.^>!l jl».jT . v = 0.S9 m V ^jJ f^^j 35 °C(<*) a_ui c_J*j *I^A 

.(ft) 

j^^j Ltl p T"*" ** ? ° f-Lai ^~° Ls "'"*" lN ji f f 'HJ'J <jr4 ""' JJ >l ^ ) _ / lg 35 °C jj >- 

.v = 0.S9 m Y juc 

. Sj-Lt_Lo cjLsL_<_iuj jn <i-v Jl a o uila I ij*^.' a^I "iUj 0.013 j 0.012 o-^> » Lai *"j lLs >JI (j! J^>J 

(jr JLl «_5j V = 0.S9 m / J 35 °C( db ) *-Lal_23 3 LaJiJ (j-a Aj_tujJtl 4_uCji]l 4_j_alajj| Ja > j! ^.._l>-j 
03 = 0.0122-^^-^ sl^^U A-L.-L.al! I SjaJejJI tj^^aj 4-JLc 0.012 pljJI <>a j^icf SJlvIj iaL^a 
(j-a (jyic.1 CjLal imX\ JJlC i- i in->-l /<u 4_i£.j_L!l AjjlajJI Cj_ojj ilaj. <j-a JjL-u^M (^j-H <_*l^=l Vjl : 3 La a. ^ a ) 

(LajLuj «G l_^J9 i^JlII («\>J' (j-<l-il 4-<.iia (<U 2 ^_ 4-)J_lilj J^jl ) nil (<u3jJI 
x-LsLajJI <UaJL) (JLc. j-4-1 (_£ JlII (<k-9j-J' (_ y i]LiJ^i I (j-« lj-2-i pj (j-«J "j La-mx (Jl ml i ul (_o.j (—Jlu^M 2«.lj_aJ 

. /i = 67kJ I kg (jl Ju>j 4-iJLcj (j-La_Sj_JI ^j-tLflj (_yic "j La uA, I jij^— ■" it.-L>.j 



-HI". 






Oj 



> ^ ^ 




lA u SoJIj JjjyiJI 3*123 uUuLui 






:0jlla 
: ijJllJI (j^ajl L^a^JI Jl>-jI 4Jpxjj-^a-u.JI 4laJ^>JI <j-a . ftf/ = 50 %j 22 °C( db ) Ju£. i-ilaj *ljjfc 

.dp j h i v i CO i wb 

iLa -^ « La 2 ' (—Ic*. I ' Da -i g I Laji (<s_i-ujl 4_Laj ^n i aJ| jj_>iil /^-lc 22 °C <L3L>JI 2jlj^>JI 4_»-j.} JJl>- ~ 

t^^L^a LfejL^lm j LjlHI (j^jl l^JJI Ijjal *JaL2j]| iLa2J <j-a . RH = 50% 4jji.fi ill SjjLjJI 







4,,,„;tl 






e^lliiVI 


^juJ! i*.jj 


^ 


W& 


RH 


&> 


V 


fc 


dp 


°c 


°C 


% 


kgair 


3 / 
m / 


kJ /kg 


°c 


22 


15.6 


50 


0.0084 


0.847 


43.5 


11.4 



:( ^ -Y)Jjj^ 



.Hi. 



2uil£j!3i*-jJ! 
uluSyill uLuiiLii 







i_£xi& J3 Jjjy 



Psychrometric Processes ^jUjj&kuJiuLUail 
Sensible Heating or Cooling ^,,,-^1 orti^uij jj^I 

(J7 _ic J-ii-CJ CjLjJUjlII oJl-i4> .( 4-jj" ilit I 4_lajuJI LiLtj (JLia ) 4_j^IajJI 4 j i n'< j^_j_i_tj CjjJl^*- (jjJ^-J *'>-t-I' 

.<Lal_>JI ajlj^>JI <L>-j.} Ja->J 4_jjlj_a 4_jJl2| ' loj la •- ' 4£p "Jj ^~~'^ ■ <"! 4_Laj^_>JI 











! 
1 


A 

► 




B 




Ju 


n 




T T 




^-^ B 


A 




iaL*JI 5jlj^>JI i^-jj 


db 







^j-uj ( a >i t> I Jl^-jIJ I : ( ^ V — Y ) J^-* ui 



i 


k co 


A 


+ / 


B / 










y^ 




^^^ A B 






£sL>J1 3j1j^>JI i^-jj db 





l^yjj i ii "*■ t, I tJ-LJr i n"t I : ( I £ — Y ) J^~* '"' 



-He. 






Oj 



> ^ ^ 




lA u SoJIj JjjyiJI 3*123 uUuLui 






. 4_lLsjJI 2jIj^>JI 4_>-jJ <4-3L>JI sjIj_>JI 4_»-jjJI ^-j-laj CjJl^sO (J-uJ i n ■> 1 1 (j-La- i n"tl J I Jj^_l1LI 4^e_UJ 



l_JJliI1 i^-jj 


t^JUiVI 




4_LC_a_Jl 






iisUJI 




dp 


* 


V 


&> 


RH 


w£> 


db 


<r~ 


>l 


>l 


<- 


t 


; 


I 


Jllj Ml ^> I> 1 JkJS-ilul 


<r~ 


t 


t 


<r~ 


i 


f 


t 







2 = mf/i 2 -/iJ 



m 



((jrC j-ul (O^tjsJI (_yic Laj i ii "H a ^q-r&AJ I *'_a«J' (juj-i-u JjLta = ) s-'_a*J' (j\jj-lm JJula 

(c pa = 1.0 U/kgK ^\^1 4^>ai Sjlj^JI Jl^U La Ltt£) 

*'V *J^ ^J" 5 4- 3j^' 



c B = i.00<5 U/kgK 



AT = {K} 



^J-*^ 



_LjJI *lj jjl (j a 1.5m 3 / s lt^*- 



(J-L% . n (11 i <-> 



JLa w — Lc J — a^>JI 



85°C 



.20°C jIj^u 21°C(db),15°C(wb) 
( Cp mier =4.18 U/kgK) ciUI ^jUI *UI m^ 3 ..,,„^l.75°C 



/i A = 41.5U/ kg 



/i s = 61.5U I kg 



v A = 0.844m 3 /% 



-<U. 



2uil£j!3i*-jJ! 










m = 



1.5 



v A 0.844 



= 1.78%/ j 



«) ^Mob—J 



B 

-► 



<_flj_a 




B 



CO 



f 



21<t 



db 



:( ^0-Y)Ji^_i 



(Q cc ) (jr^ie-^! i-ala ^^L 1 J^^' 

g cc = m(/i B -fc A ) = 1.78(61.5-41.5) = 35MW 
Q =m c AT 9 | 

cc a p -' 

= 1.78x1.0x20 = 35.6 kw 

•.SJaLLaJI (jljjl UjiLtAJj '(>^- moll i *l« 3 jUI (w vv ) *UI £j-«-== *_jL^>J 

(35.6 kW)*!^l! 4,,,,-, ^-,1.1 Sjlj^JI = *UI <>* -o^iill Sj|>>JI 

^ C P ^M Ar * =35 - 6 



35.6 



m = 



m = 



35.6 



4.18x10 



U' 

= 0.85£g/s 



-IV- 



2uil£j!3i*-jJ! 
uluSyill uLuiiLii 










Evaporative Cooling ^j^aJt ju>+iJ! 

c_il .~.£—\ jl jl jJis ij^c (^t-cj (adiabatic process) i-pLiLol 4_JLm <_^-a> ^j-tJe-iTJI Jlj>j1II 4-L.Ug. 

:4_lILjJI JjjlaJI |_£Jl>.L) JiJ>JJ *_d i. mVij3 (_ylc (Jj ' - J -*-" j^—* < «j .ajlj^til 

uhh^= J^^k^,^ *I^JI (j^a jLj jIjjjI - 
.«.LXI jva ds|jlaJS Jt^.} 
(j-JUUj^l i_t-Ua^jJI) (Jj-lJclI? I Jj^jjJI 4q] t<* (JILfl-lj .(_ ijt^pJI *_a Jj^jjJI jjfc «.l_o^JLI (Jj.LTe.LlII Jlj-uJI jjI 
4 j i hJlI-JI pi -vn '-^"tl j,_Lc. «J 'ij j i c i ^jJlTu'ifl ^5^u ' loj la "*- 1 L^j'J- 4 ''-^''*- ' lQ"'"J)J ^~*J ' " '' J *** L7~^- 

.4_lLsjJI ajljj»JI i»-jj Ll)_a-U . U^ (_ylc A_lLwlII ojufc jLllaJ j^"" 1 1 ' 









A 








i 
B / 


c 






















« 






^-^ 




/ 


/ J\ 


£aL*J! 3jlj^>Jl i^jJ db 






4 -*-.>* a 


*L> 







tyJ 



lljVi vJapji:< n - Y) J^-t A 



t t __ r JLH_1 1 (JjJlj»JLi 4 LaoieJj j^— i a I (jj.LJe.LL? I Jlj-lLJI jjI 



^jJI i^-jj 


t^lSJVI 














dp 


/* 


V 


<y 


RH 


wZ? 


dZ? 


t 


<- 


1 


t 


t 


>L 


>L 


(Jj-Lie.L~L!l JljjIlJI 



*IjJI <j^l_ai. (jr JLc ^LLjj^I L-jJopil j-u'G:( Y — Y) JjJl»- 

4_JUc jLb Vlj ( C JJ J-La I jTlllu A (j_a (jij-JI 4— lUc. jLb 100% (>"J-JI A-AjJlJ j-uLj]I jL^= I jj 

saturation efficiency (77 s ) fl < AVI SsLi^aij <-3j-*j <jij.II ^jJJj-jjtlJI.B XJallJI jlLc 1 ^j~~ ... c-tJepJI 

.90% J) 80% jru LUfi. ^jLh3j 



.HA. 







^a-^ 

^"^c 



••VJllo 

3 

lil .^1 4JL^iJ oLiLij J}U. 6j\j^\ <£ 31°C(wb) j 45°C(db) j^ c_J=jJI ^1 ,>• 15 — 

: <_<-<_ioJ i 90% ^jL-uj f-L-ii^l S*L^= (j! cu^Li 

w g -w A 

7, = 

w c -w A 
w A = 0.0226 ^- a=u>JI ^ 



W c =0.028 ^ 
kg 



Q9 _ w B - 0.0226 



0.0289-0.0226 
kg 



w R =0.02827 



7, 






0.90- 45 "^ 



45-32.5 



T B =33.75°C 



4_u^3L>. ^j! jLsol /<u (J-4J B d US; II JljJlj>o ^j^—* i ' 4 p Lull j I "-1 A^-. <l^j_s-4j ^uLl2JI a U . nlj i : 4ji^tLo 

Steam injection jUtJI <>!>• 



.<h. 



2uil£j!3i*-jJ! 
uluSyill uLuiiLii 







jaiaAxJI 



Steam supply 



J^IW 



B 



B 



iaL>JI 2jlj_>JI ia-jj 



CO 



£' 






db 



jLkJI cy^-( W- Y) Jg-iA 



ajlj_>JI 4_a.jJ>j «■'_£«-!' A-ljiaj *_dJjJ LiUjJ <*-ie_uJ .J^jl i oJI J^— i mJI TciisjJ I q ^— i <LaL>JI ajlj^>JI i>-J-} 

■ I^JuJI <L>-jJ>J ^ylj-lll /<sJjej>JI t 4-l.ll.u-LII 4_)_j]ajJI ((^IfuVI AJsLLa i 4_±IajJI 

tAJlio 

<>8 150% J_^=J % Jj^u RH = 50% j 21°C(W) jJc *lj^» jLu Jl 100°C jl^ jUo ^jj 



wj = 0.0079 



^ 
% 



1 fa? 

A W = = 0.0067^ 

150 kg 



W 2 =Wy+ Aw 



/— ll gjul <U^IajJI (_^jjrta 



0.0079 + 0.0067 = 0.0146 






(JLlLflJLI LiUj i ll in~>- (j ^— 1 1 ' i I j LfeLaO (j *— » i 'J A-iLuila 4_3l_>JI ajlj^>JI A^»-jJ ^_ ajLjijJI (jl (j_a Jj^-»".lt 

: ^2>-« (Jj-iLi-uji 



2uil£j!3i*-jJ! 










= 1.006(r-21) 

2 V = ™ v c pv At v 

= 0.0067x1.972(100-0 

0.2°C Jl 3^ j-jAUI ol dk^>L «uk. f = 22.2°C o! ^ G, t* 2«» ^^J 



jLJe-JI ^j-a Sjjiiil ajl^jsol 



Cooling &dehumidification s^l^ji sJljj ^ jo^oJI ixUi 

. : Jtlc AjjJajJI <UljJ *-a JlJ^jjJI 4jI <ir (jr ic J J uajj I ^j^— i 1 
(_£jlbe-a-l r-j^KJJ *'^tJ' I rt"i' :: — i"ij 4-iic.J i«.lj^il (_^Jl1II 4j>-j.} (j-a J-Sl ajlj^>- <*->-J-S Jj *'_JtJ' -*>£ LaJ^Ic 
clj-jjl (j^i-aMj (j! jl (^J-Lll (j-a JJsl »jlj-^«- ^>-J-i J-tC- ^J^° *La J^L>- *l_OyJI j-*f {j\ ^Lla Jjsl AjjIoj 
4_Laj_^>JI (_ r lc 4_jla-*JI tfjufc Tt-iijj (Jl oil /<s-i-ujJIj.(_^Jl1II 4_»-j.i (j-a <_p9t sjlj-3- 4_»-j.i ^ '-ijLi LseJa-m 



i 


^03 

Pi 


A 




B / 










"^^^^ 






<i)L>JI 3jlj^>JI ^>-j-i db 





4jjLijJI iJlj! *_a J>J>-pJI ^W- '•( ^A — Y) J==_ii 

jl j *— i ' «LJL3 I aJul TcJa ■ ■■ 4_»-jJ jj-u-flJ Jl-Lc JlJ^jjJI L-dJLa jj_a «L>-j)jj>. Jl-Lc s-Ij-JI (jL=== ?TJ^*- 'ij 
CjLl*£= a! JlJcIxJ 4_!U- 4- 4Jj VI 4_k2i!l ojufc J J J'^J V 4JLJL>JI 4- 4_t==J .C SU^tl jj£. Jujlf 
^j_a 4_uL^lII 4-JL>JI AJaiLl < lp flj 1 ■ ■ — *'_^' a Jl^"- ' AJjLiLa — *'_4iJ' '"' * ' ' "^ 4r ??-"■*' *">' (j-* ?J '.'^~* 

4 LllJIj (ADP) JlJ^jIII L-d-U, i^JlIII 4 U;» i_3j_*jj £ C ^_a> rljj H ^j LaUl A-uL^lII 4 Lallll o_JL== IjJ 
(J j J 1 "~t ' -v*" 1 . .. ^ 1 Laa. /«_uj_iAC lLj >J I j B a U '-i M I ^ Jl^xIII 1 a I a ^j-a 4_>-j)j_>. Jiic $.1^1! <uL<JL>-JI 



.^ . V 



2uil£j!3i*-jJ! 










Jlj>j1II L-aJU (contact factor) ( _ >u -a>LlJI J_oLt<w AC iaL^JJ ^^ AB ^L^U a « , uS ^3lJ t-3j-*jj <J-«j<-!I 

AS 



7 = 



AC 



:3jlj_>JI CjL>-jj (Jl inl i nuj 



7 






Jlj>jj i_aJLa Xla '-Ij; 16 C JJ (_o_u^=l1]I «_a oJl-^>-u /«j 32 C(db), 22 C(wb) Jl-Lc L;r >.jL>. *lj-4> 

(_ y -lc 4_tL»AJ I oJ_4i (<Ui-ujl .5 C «jlj^>- A_»-jJ «Ll Jlj^jjJI i— kJLa -- La i u.< d-t^aJ,! j_l>JI J I ojlj-ol (lo^ lIUJj 

.i_3L>. $>lj-& l&g J^— d I kxtssauJI &La 4_L4^=j Ju^jTiJI i_oJLa Ajl^u Liulj Ju^iTJI I all 
• ^^""JjJ ^~~'J mil <UaJ^>JI (_ylc 4_L,La-tJI Tt-iisjJ (Jj oil J^— i loJI 



i 


k co 

hi 






— */ 








i 1 ' 
1 1 
'1 1 k 






5 16 32 p 
iaL>JI 2jlj_>JI ia-jj db 





:( ^-Y)J^=ui 



dbi=32°C, wbi=22°C, RHi=40%, wi =0.0123 kg/kg , 
hi=63.7 hJ/kg , Vl =0.882 m 3 /kg dpi=17.2 °C 

- Db 2 =16°C, wb 2 =13.2°C, RH 2 =73%, w 2 =0.0083 kg/kg , 
h 2 =37 hJ/kg ,v 2 =0.83 m 3 /kg dp 2 =l 1 .2 °C 

tAoJlil! aJjLjJ.1 Jm"mil (j^a^LlII J-sL*-« (_il mjj 







?;-r 2 32-I6 
7 = — - — — = 

■m ~~ ■* ADP 32-5 
7 = — = 0.59(59%) 



(rh w ) • ^".^—~tl ^La <4j-*^= 



"» w =m a (w i -w 2 ) 



m w = 1(0.0123 -0.0083) x 3600 

=14.4 kg/hr =14.4 L/hr/kg 

(Q cc ) Jj_j-tlll i hi a 4jljj/ 

2« =m a (h l -h 2 ) 

= (63.7-37) = 26.7 kW /kg 

Adiabatic Mixing ^sLLoVl .UU.H 

4- ^dJij ( JU-O-u^l Juu ) £».lj-!l *ljjJI £-a ( _ y il]| ^jUJI ^IjjJI ikli. (wj Cj^UJI q a j±^= 4- 
(Jlj_>-I A-j-lXI CjJl^so ^j^» ' 11 L^ ,: -* ' *— a s-lj-JI (j_a 4_La-^= (_£l LLaJL> Jl-lC (AHUJ.«.Ij-JI <LJjl_La 2Jl>-j 
3jIj^>JI (jl JlJiS 4_La^= (jl jl— iTlcLi LuuLiJl s-lj-JI ^j_a (j-L>ijj_a da-La. ^j ^— » ) ioLc Ja L>J I Jlju «.Ij-JI 
lLs maJI *_a a j 1 1>— >«J I (JLajjl x_ U <LJj)jjL>J (jj_f=ij La LlILc. *Ij_jJI 4_Ijl_La 2Jlj>-j ^2 4 i ml lLLIJj y a j a 

1 j Jajtj »_a I ijUl^ ^] *L\JI (j-a <jljLp ( Hl2)j ( m l) <^~£>- (jr^^j-^' ilaijJ I 4_d_a-C Ttjisjj J^— ifqJI 

(3) SUS:t) 4-Llu I -i^-— 4_i-aL>>.j (ITI3) ■J"!"^— HaJLa. £--lLiJ ^j^«jtl 



.> .r. 



2uil£j!3i*-jJ! 














A 








CO 


ls^i y 








> * 3 3 / 






f 


2^r^2 / m' 






■L 


^//$ 






I 


2^ 




^ 




£aL>JI Sjlj^>JI ^>-j^ 


db 


^ 



tpLLjVl .UI-UI :( Y- - Y) J^.t, 



m +m =m 



mWj +m 2 w 2 =m 3 w 3 



mh+mh=mh 

11 2 2 3 3 






'.(-jVI rl"" i nl pj '^^C- j 



mj W3 — w 2 



OT 2 w l ~~ w 3 

mj /? 3 - h 2 



m 2 h { - h 3 



4-LaiLl jjj Jl^sO 1 4 i^"i aj^^-i il . ,.11 4 U i » ^ 1 1 f-lc 4-flJl liltl p^ flJI 3 )J»-*-Nl a jj-^J 4-fljl intl 4_!_>L*J.I (j_« 

^J , "^~- *^ 5-J-i^-LlLi LA>-I^ JaJ^JI p ui2jj (1) — (2) t>u_Lail!l £r}_J J_i-al_aJI lLj -^tl (jr^ 1 g *"' (3) i-LaJL>JI 

.(m 2 )j (mi) *I^JI ^-l'.^-.! 



I^^U 4^j1 Mia Cj^?.}L*_a (Jl ml 1 11L1 (3) 1 La I -•- SI -Lla_aj JjJljjo ^j^— 1 1 1 I 1^— 1 



m^\ + m 2 r 2 

mj +m 2 






h^ =— — ^ L 



m l w l + m 2 w 2 
w-, = 




m x + m 2 

-.VJlla 

«jl>^- i^-jJ J-J^- >^»T s-^j *lj-* ?— a W 5 ^-^ '^ ^** 60 °C(db),32 °C(wb) j^J^. v-^j ^'j-* 
a^LL j^jI.^IjJUI ^Lc 2 kg <3 kg U^^UJI ^1 LUi^= dJ.L^= lil.j 5°C(db) ,0.5 °C(wb) 

32°C(w£)j 60°C(dfc)_(l)ilaiiJI JJ^i < 4£H^JL>-^L-J1 Alaj^JI ^IjtitLu.L 

0.5°C(w£) j 5°C(db) _ (2) a^iUI jj^J 3 

(3) iLaJiiJI jjJl^cII 3:2 Jjjum (2) . (1) iaL^JLl p ■ •■ 23 

r (<#>) = 38.5°C j w 3 =0.0118%/^ j h 3 =69kJ/kg 

<\J_}L*Jtl jj^a 5^_<IiL<-a LfcJi_)_L>o ^j^— » i ' (3) JaJL>JI aI~,7i\ : 4_li j^eJLa 

_ m^ + m 2 T 2 

1 3 ~ 



m l +m 2 
i -ti - t t 3x60 + 2x5 f 

(JjjLusJI (j^a (_15.il (j^J J 3 — — JO C (_£l 

:njlla 

^IjJI *l_^]| ^ 2mV ! ^ <Lkliw ^-l°C(rffe),100%/?ff jJ^ c^jJI c^jUJI el^ll ^ lmV 1 

AJ (j-«J LiaJL>JI <UaJL) Lul i n~>- Jl>-jI /<u ^^""Jjj ^~*^' " 4_Laj^>JI (_yic 4_JLa-*JI (<u-ujl .22 C ,50 /oRH Jtlc 
.^^jjJI (<sjej>JIj ^yJliu^l 4-i£.j-L!l AJalajJI '. 4-Li.L.alII AJalajJI :itaJL>JI SUSlt i-jJllLlI (^I^sJkJI JJu»- 
; 4 LaJL) (J^= Jtlc (_;,£. jjJI /<u3ej>JI Jl>-jI /<u ^^""Jjj ^~*^' " 4_LaJ^>JI (_yic (j-CLLaJiiJ I JJl>. 

-i°c(d&),ioo%rttf _(i) ausiti 

v 1= 0.774 m 3 /^ <j^l 

22°C,50%RH _ (2) ilaitfl 

v 2 =0.847m 3 /^ (jjj 

_^ .0. 







m t =^- = 1.291^/5 (mO^jUJI ,!*]! 4±i== 

2 , 

U.o4/ 
m 3 = mj +m 2 =1.291 + 2.361 = 3.652kg/s ^a (th 3 SjJl*i!I *Ijj*> ) .Ul-Ltl aJi== 

:(3) ilaljJI ilaJiJ J»jJ^>>j j)*— • »j aJLUI SJjUJlI Jl ot'nnLg 

jjl^>. /<ui <j"-°j(3) 4 Viiiitl jjl>. /<u (j-«j ?3 = — . . = = 13.87 C 

m x + m 2 3.652 

. ^(jyic J ' "■ **-"' <LLaj^>JI CjLIjj9 £ya .iiaj^>JI (jyic 4 La 2 * ! I 

(RH) 3 = 65% w 3 = 0.0066 £g/£g 

/? 3 = 30.5 U/ kg v 3 = 0.822m 3 /kg 

Supply Air Conditions Sj JJiill iLa2J Jl^>»l 

-.fjl 4JLlLvj j^*"ij J-*^>JI I Jukj room total cooling load (RTCL) iajJil! tr l^=JI -*j>^I J-*^ "-^j-*^ 

Sensible heat (Q s ) Lu,^** sjlj^ . ) 

s.U.1 4 j i n \ (jyic ^Pj-^ Xi ( pi '■"> Sj jl 2 jLj ) *l^iJI 'j'j- 3 * - ^J-J- 5 (jj-^ 1 J-^P <jr^' (jr-* ^-"J i ii ■> t, I SjIj^kJI 

..^tila Aj^JoJI CjLaLa (jJ^-ts (j-* 1 J' W^J-3-^ 3 *L^' (j-La- i uJ tillj (JLli-a *I^JI <4- 
:j_yJQjl (j^jLSJI i^ya 4-i-uj i ii *s U ajl^>iJI < il i n~>- ^j*— - i ' 

2s =m a xc p xAT 



m a ={kg/s} ^l <jL>" J 

c p ={UI kgK} * I34U ijc.^ I Sj Ij^J I 

AT = {°C} Sjlj^JI oU-j^ ^ 3>JI 

Latent heat^) iiaL^ Sjlj^ . Y 

Ijj 4j_<_u-L!L)J 4_sL>JI sjIj^kJI <L>-j.} j^-j-j-^ ^jl J^-j OJ- 5 2jLl! 4_JL». (j-aj-t-^J (jP-JI SjIj-j>JI ( _ ;r Jk 

2/ = ^a xhfgX Aw = m fl x A/z 






Ayg = {U/kg} ^^ <LLal^=JI Sjlj^JI 

Aw = {% I kg} *L^' ^i^j 4-j-f*^' ^q^-i 

Ah = {U/kg} <_^lli)M aSLL i^-^^l 

a^jlUtl AjjuilJI Jl^^-I -il^J^ ^jLJr'inl 4JLaL==JI ajlj^>JI J 4-mj < n>U sjIj^kJI O^jLta 

:UJtla 

j_pJL_i tAl A-^VI jl^j . Q l = 6AkW <>aL== J-4^J g. s =16kW (^j-co^ta J_4^ 4J I a .t==ua j .p. 
Q s =m a XCpXAt 4-uuj^l>S\ ajlj^>JI iljiLta ^ 

T R -T S = — ^ = — = 10.6°C 

m a xcp 1.5x1.006 

T R -T S =10.6°C 

T 5 =25-10.6 = 14.4°C AjJLiUI ^IjjJ a^UJI Sjlj^JI a^-jj, ^^==3 <uk: 

A&> = w R - w s 

m xh f 

a fg 

h fg = 2500 U/kg Jj! j^>J I ^j 

A<p = Wjt - w s = -r^— = 6 ' 4 = 0.0017 kg /kg 

m a xh fg 1.5x2500 

. : Ly A ajJljlIJI dljjk a-^Lj 05==^ ' 1 t4 £ - w « = 0.012 kg /kg (j! Ujj 
w 5 =o s -A6) = 0.0102 -0.0017 = 0.0085fcg/jfcg 

(S) 4_jjiil!l 4_La2J JljJlJ>o (j ^— 1 ' 4-ilg. A_jJlJl1II 4 t-»rt/t 4-JjIsjJI 4_La-^=j <LsL>JI 2jlj^>JI <*-»-J-S A^j-t-<UJ 

J\ \.5kgls ^ -25°C(db),50%RH jJ^ a^jJiJI JIj^T *I-L> ^ ^1 (jL^ Jju^j^JS ^ |j) 

: Jjj^>JL) isexb^Jll ^jJ^VI oLl»==l!I 



.^ .v. 



2uil£j!3i*-jJ! 







jaiaAxJI 
i_£xi& J3 Jjjy 



<UJJtl!l 4 l-i(il 


lj\-)j-uA\ <JjL*_a 

(m) 


(S) 4jjl«tJI sus*i Jl^^.1 


(ctt>) iaUJ! Sjlj^JI a^>-jj 


(ft)) 4-lC_jJJI AjjJojJI 


kg/s 


°c 


kg /kg 


■Si 


1.5 


14.4 


0.0085 


^2 


2.5 


18.6 


0.0092 


^3 


3.0 


19.7 


0.0093 


S 4 


3.5 


20.5 


0.0095 



:( i-Y)Jj. 















CO 








•r 




^R 




t 


xs^J^ 






;£' 


^^^2 

"^4 






t- 




^ 


^ 


4^L>JI 2jlj^>JI Aj>»jJ 


db 


w 



iajJiil (j-uj r n->t,l 3jlj^>JI (J^aLta LJaa. :( Y^ — Y) J^— t> 



lLj ■■>• ^ If « S3 S l ,S 2 ,S i ,S 4 ,R lLs! Sill (jj 4 l^^-^La * a j -J l L j (S) 4_jjJtlII 4_LaJLi (Jlj_^-i (jj 

Ja jo iJfJ j uj 1 <\4j Sensible heat factor (SHF)4-mjm-».ll «jlj^>JI J^sLslaj ^g i.nj .U-^-tl I jutj fuiZi.i.u.a 

Room Sensible Heat Ratio line (RSHR) iajJill Lujj < » •> t, I «jlj^>JI iimi 
Sensible heat factor (SHF) 4_i_u j^oj>4 I »jlj^>JI J^LtA 

ajlj^>JI (J-aLt-a-i j_L>JI I J— J ■ 1^— ■ II (J-a^JI ^J\ Uj i u i a j_L>- ;_£ 2 (j-fj) i u ■> 1 1 ,J_a^>JI 4 i i u t i_3j_*3 

: sensible heat factor (SHF) ^j.^uJ, I 

.) .A. 






SHF = ^= {l 




a Qs+Qi 

.S 4jJl*1!I iLaiij IjLa ( R£3jJ<_!l) j-pJI Jl_p-I iLaJiJ (j-s Ijljj *t-i->tl I jufc 
4_Lajj^>JI (_uL>- (JLc. 4_«j_i_uj_a (jj^*~ -"' (SHF) i La -•- II I Job i.nni ( ^^""jjj ^~*^' " lLsjJkJI ^j^a jji^= ^_ 



-.^rjiia 

j_3til i *^ uaJl (Jlj^>.| jLiTlcLi ■/— -il> j_L>JI (Jlj^>-I .jj^aL^a (J_4->-J 8A^VK (j^uj ' n-tt-a (J-4^>- 'Li ' i "»^-» a 
(Jlj^>.| JljJljso i_)j LLaJL I t( fl-t^adl j_p*JI <JI_^>-lj AjJJlIJI 4Ja2J (j-u SjIjj>- CjL>-jJ 3j-^ ^°C '- )l =*-'J (jr^J^* 1 ^' 

*D~ n 3J ^~*-' " 4_LaJ^>JI (_ylc 4jJl*j]I 4_LaJL) J j_L>J I 

R @24°C(db),50%RH - R 2Us:tl - o^LL^JLl (jrOu^UJI ,>« J^pJI Jl^l ->J^ - 
Q x = 2kW j g s = 8kW ol >-*==• - 

G,=G,+fiz=8 + 2 = 10*W 

SHF = ^ = — = 0.80 
G, 10 

4_lUi i LL^a (jr ^k JIjj>.VI (j! L-4JJ R j-pJI Jl^^ij S AjJJlLJI 4_LaJiJ £j*j 3>^ t — 'Wj- 5 9°C -s>»->J ~ 

15°C(<fl>) Jl£. R ^1 9°C J R ,j£. J23 AJJJ^I ilaSi oj\j^ 4^-jJ QJ^-t" 
.SHF=0.80 L-uj n<~*{\ SjIj^kJI J^sLta 4j mj JJl»- — 4_LaJj^>JI <j-o 
R a U^/tl ^^ q\I < i^ "-*■ «L_i i. i dpi i aj U , „ t lj ii_tlX| (Jl o t" i iiuj < SHF Ja_ >J Ljjlj^a I Laj. /<s_i-ujl 

S 4_LaJiJ (J|r fi> tfjufcj \5°C(db) ajlj^>JI Aj>-jJ LLaJ* *_a «_LaLajjj 

(15°C(^),13°C) .S JJ^ *l^l ^Iji Tpi - 

Basic Air Conditioning Cycle i^L-Vl < ^j^"tl bj J 

/g LaJtHJ ^j-^* Jl I j i: -« ' *_a 4 1 1 alLa eJij-i^zmJ CiLjJLaX. 2 JiC /ys Sjlx. (jj^-*"'" ( — ^^ ==3L -'^ <Lu-u L_u 2 I SjjjJI 
4 j xij^jJI o\l^\ j_ib (_k_o==Li]| ajjjJ lO""''JJ^~'. '"^ J-^ 6 -^' • L -^ ==L ^' j^F 6 ^ ^ Jj lJa-ll 4_uL^l!| Jl^>.^/I 
lSj-2- ^i I Cjl_La-^=Jlj CjI t i nil JljJl^cjJ lLU Ii_^=j ( sjjJlJI i>JL-J lLsI S-l! I cJiibita Jtlc *l %JI (JIjjs-I JjjL^tll 
A-i^LajJI 4_la^= t (2yLsr ' ""ill jl/j Jlj^jTJI L-dJLa 4jt_u 1 1 La L>J I 4_La2j JljJu><j dUj JLLo . i_i2_u^=il1J I SjjjJ 



.) ><\. 



2uil£j!3i*-jJ! 









open air conditioning JLvjuA* ■ ^j 1 ^" Sjj-i Jl oJufc ■ : '^^^— "^ »jj-* p^--^" (2>^=^u «j>I-c.j. jeJL.illjJll 

.iLiia i-kju^u ajjj jf (Cycle) 



s 



M 



jj^ij i 



:( YY-Y)J^i 




ADP 



CD 

I 



4_aL»JI Sjlj^-JI <L>-j3 db 

:( YY-Y)J^i 



.^ > 






Oj 



> ^ ^ 




lA u SoJIj JjjyiJI 3*123 uUuLui 






^^.jLJkJI *Ij-JI i_3^Iij R<13jJlJI i_3^Ii (j"V J ""_' <-LaJ» (jylc f-aj M iIajJL>JI i_3^Ii (jl L&lS i La a» N J 
(j-a 75% (j-a jj ^-»"j ila-i L>JI (jL^n I 'via 1 frtala. /<uj ^l dljjJI CjLu^j ^,^1 -UTl<j M iLaJiiJI *J9j-« .0 

^rlc *_a3 M (jLa ( (jr -2iJI ^,^-jLjkJI elj-^l ) ^-j^III *lj-A o-a 25% j (*_^JjJI elj-pll ) 4_ajJ«JI *Ij_a 

.R ikilll jj-a JaJJI J^L (j-o 25%Juu 
4_sL>JI aJL uajJI Sjlj >. 4_^>-jJ (_jl o ■»" ml j 4> Mi La I -> 1 1 4 Urn x_J9j^a u_sl in -si L-Sjjia J lia^ij 

jj^-" -•■ M sUs;t l j^36°C(rf&) Jl^i .Ui-*U _^>JIj 24°C(db) j^ aJsjJlJI dJL^= iiLa ^ jn ^(rlh) 

: Ju£. 
m r + m^ 



0.25x36 + 0.75x24 



■M 



: 27°C(db) 



0.25 + 0.75 
2JLlUJI SjIj^JI a^jJ Jl elj-jJI J-£= jj m , ..'i /7 = 100% jlj^I caJL 4_ilcLis ci^iL^= lil 

4l^3_ii ^ If i aJU I 4_ticLa Lajj^C J^Ltjj (jlJ^jIJI L-aJU ^Jl-lII 4 LaJiJ ) ADP LLaJiill (_£? i aJU, I ?Ja 



(SHF) (j-uj mjJll SjIj^kJI J^aLta ilaj. (jr Ll *_a3 S ilailll I alll J^L>- *l_fttJI <Lc.j-<-u J I A^Li-isI ^injlJI 

.(ADP) j M (jrGk^l jl JlLoI (^j A^jJii! 
f.La 4_L4-^=J Ju^jTJI i aJ a 4jl^uJ ^l^tJI (jI^j-uj ^Jjut^a J^ J-^==> <— »Lut». Jj*^-— ■ <t ' JaLa-LlI J*^— ■ _U_L>o Julj 

.1 iiil i nl I i^~~* i a ."^-."tl 



.^ ^ >. 







(j-^?~ "i^al 21% j (j-L^J^^P 78% (j-a (jj^->"j (_£jj>JI *l_ftfJI 

.CjljLiil aL*JI (JjjLSJI f-p->j 4^^° j, j .'"* 'j '.'^~* ^ >t ! 

..(_$jL«JI^Laj^aj_uJI I j I ■*■ i uj (j^lll SjIj^kJI 4j>-j.} (_j-& s-l^a^U £sL>JI sjlj^>JI ^>-J^ 

. (__>IiL<iJ9 4_*laJL) JpLyijIuajjij-a I jl-* ■ •■ ' ajljj>- i>-jj (JJSI ^^^ 4 Jaj II ajlj^>JI 4j>-j.} 

4-JojJI SjIj_^>JI 4_^-j.i . 4-lLjJI sjIj^>JI 4j>-jJij £sL>J| ajlj^>JI <L>.j.} <J^e-<-uJ (_£Jl!I jL^>JI jjfc f-^LHI 

. (Jj-J-U (_)iL«-2JI £ya *Lil jjJbjjJ 4 1 1 n'< £sL>JI ajlj^>JI 4j>-jJ (j^a JJ9I 

<JjJ_)-u /<uj LaJtlc *l_a«JI (j^a *ii' '** J ' *"*—•"' LliJtIc I Ju.) /jJ-I' sjlj^><JI 4j>-jJ j^^ ^Jtlll 4j>-jJ 

(jl ^j ^— » 1 ' (_jJ-JI (.gj »^rttl 4_U3^=JI (_jIJ *Ij—JI 4_l^i3j 4_uv=== 4 i mil (jjjLuLa <_,— a> 4 J i i nitl 4_l^aisjJI 

ajlj^>JI 4j>.jJ (jjj-flJ Jtlc *l_ftiJI 1^1 0**. J 
*lj-JI (j-a 1 kg J ^— 1 *lj-JI 4r *-i^°_pl '4S- <3 - ==3 J* ' ^" (jr- 4 ( ^ aitaXI 4_)jl3jJ| j| ) aLuijiJI 4jj]ajJI 

.C-cLjJI 
Jl-lC ;_gj^>JI dajl uaJ I Jl-Lc • ■ La j 1 1 «.lj-JI ^-^.M i-^.-^ jL>j| J j ■ ■■" 3 1 _iT ^ A ^Jj" "jjj ^~~'^' " 4_Lajj_>JI 

4 taj) -•»■ 1 I . 4 allieJu lJi_u^=l1!I CiLlLuC -k. i^jJj Jj ■ •■" 1 g_i I 1 i^~~* 4_l3jJl!lj J_)^_iTJI ,JI^_3~1 I a !"»-»■« 

.,-4 ■" la j 1 1 j^^ol ars. » [ i n /_ic (CqTl>iJ 4 m" ^jjj as lj i aJI 

(db) £aL>J| SjIj^kJI i*.jj 

(wb) 4_iLj_JI SjIj^kJI 4j».j.} 

(RH) 4n,„;tl ^^jJI 

( <° ) 4-i^LJl 4-^jJI 

( v ) ^^11 <*^>JI 

W^lSiVI 4lLU 

Dew point ^ jtiJI i*.jJ 

■ ^ j ( nil 



-^ M. 







i_£Jl_lJI 4_»-jJ ^j_a (_ r lcl 2jlj^>- 4_»-j.i (_j!j *lj-jjl J^J^p (<u-> LoJl-UI tiiJjij • Q-"J ' " *> t ' ^£>rj-^' ' .^ *^ 

■jl i u-dl Jl (j^-a-J-JI (]>« _^ a ' ^^""Jjj ^~*^' " 4JaJ^>JI (_yic AjJLjjlII oJJt daa. ,jj^-'"j 

cl)l aJ a) ^jit-l mil «.Ltl Jj-jj-La ^j.^- Jl _ 'J j ^~~* *'J-tJ Q-^-Jr i uj /<u_i i>L._l>. (j-fj i mJLI (j-LJr i n"tl CjLu a-£ 

((J"L«_lJI Jl jl I iljtl £y& 4_Ul3l 4-J <t-g ) *ljlJI ^j'j- 3 *" ^"J" 5 - i '' i j-' ^LJJJJ ((j-^ I n" 

aJsLLs ^JJ-^J J-*£. ^j ^-." ( jr Jbj L$J'J "*" '^ ' ^ -^~* CjI_lLi£. (J-Ii-<j-> ip A 3 (_yjl_iLiJ2l i. i ur<jlt}\ «LJ »g 

. 4_iLajJI 2jl^>JI 4_»-j.} ^J_^p Jtlc 4-U.q-tJ I <>Jub (jJj^-pAJ £, M 'I *1 ' ^ ' ' (j-* 3 j) < <^-» (jl > if i (—JllL) Z I 

4_3L>JI 2jlj^>JI 4_»-jJ ^JJ-p /<— « ^J^"'"JJ ^~*^ ' " 4_Laj^>JI (_ r -ic 4 j i ii |j 4_jJLi£. :jLje_iJI ^j aa. 4_iLt£. 

«.I^-JI AjjIsj 4_l«^= iOujj Lujjjj 
. ^Jtlll 4^»-jJ (j_a (JJ9I ajljj>- <L>-j.} Jl s-I^JI J~*J-£ fftJj l ^~ : J^- i—ijLajcjJI *_a Jj_j_jjJI <LJ »£ 

j-pe-U 4_JL^=JI 2jlj^>JI Jl 4-mj i n -> t, I SjIj^kJI 4 i mj (j£, J-tAJ £3jJlU (SHF) (J.UJ i n -> t, I SjIj^kJI J^aLta ♦ 

■ 4 ii I" he U (_ijU^=iL.iJI '**' LJ q-g (J-iJLvjj (<u-uj ^_ JlcI i njj l a-t^aJLl 



-> \r. 






Oj 



> ^ ^ 




lA u SoJIj JjjyiJI 3*123 uUuLui 











4_lLj_1I 


a,,,,,;!! 


4_j£.ji]l 




^lib^t 


^juJ! i*.jj 


db 


w£> 


RH 


CO 


V 


h 


dp 


°C 


°c 


% 


kgH 2 
kgair 


in 1 kg 


kJ Ik 


°C 


22 






0.010 










16 


45 










20 












11 




21 




0.0134 












20 


0.0084 












80 








15 


30 








0.88 










50 






90 












0.86 


50 






25 






0.015 







4-iUaJI o jla rfumjl . 10 °C j\ jJLv 4i._Lft-L.u3 /oj 30°C(db), w - 0.0102kg / kg die c-iaj »ljjt - Y 

jl.^V. =(4>) «SjL»3=(t) <£*jIj -(«-): iJLUI 



4-lU^JI 


db 


wb 


RH 


w 


V 


h 


dp 


/J_U O-LJl^E-fO (JAJLULl 

















A—Ul^j A-J^iajj 15°C(<i£>) 



. (jrtie^UI <_aL» *jlu. c-uoia.1 .15 CjIjlL«j 0.005kg H 2 0/ kg 



4Jp^ajj^=i-LuJI 4laj^>JI 3J lj;j Lul ui-k (jLa-uitl 4-t-m JL>-jt .J J 20° C(db), 5 0%RH ,ya 

oLiLij Uj 4^ji: J^a3 45°C(db),30°C ( wb ) jle <-A*j}\ *\^\ &» 1.5m 3 /s - 



.> ^ t. 







lJlJL J>L^ ^j^xS ^ 50° C(d& j, w = 0.0102 kg /kg j^l c-JdjJUI^JI ^ 1.5m 3 /s - 1 

4-Lj^kJI^JLl i_jU*JI tf JLJfc ^q-uyl JTjujjU! i a La^Ja . ■■ S >.jJO '-'^ Ijl . 10 °C ( db ) J\ Jl^-lIJ! 

: J^jt (<U (j-aj AJ^La^j ^— » j i nil 
Jj^xlII ' ail ^jjijoM^I' (J-aL*-a . 
Jjj-lL!I i aJ a <Ulj_u . 

J^jJ3 30°C(dfc),24°C(wfc) j^V| ju^ ^Ja^JI ^_^J| ^^ ( LLjSjJI / T ^H-a) 720m 3 /min - V 

t_aJLa »-l a^3j 4 t i ii Jlj>-jI ^ '' . :4_l!lLJI (Jlj_>.2l JlJ£. Jl£)_lLJI (_aJLa ^j_a r-j_>ijj J~*j-£ ' a ' " 

. L/ hi" a Jl>._sj ' ^j"^-i"iU $.La 4_La^=J Ju^jIlJI 

Jl LubLoT 4 nUp ^q-j o-^j ITC(db) J\ <LLp^3 ^ll2°C(db),20%RH j^c j,jl_> *lj_^> - A 

a«.l a^= i_< <^>-l /<s_3 (j aj ^j^Laaj^a-i ud\ 4 Lajj -•- 1 1 ■ L: (2^J-jJ-a-*J ' (j-ul £> ^ mjl /v/7 = y\J /o 

*UI il^J^j 38°C(d&) J! Uj^ ^45 C(W),25°C(wZ?) jlJ^l c_a=jJI ^Ij^JI ,^8 0.5m 3 Is- \ 

« 90% ^jUu3 

c^LjJI *l_^]| t > a 0.2%/ 5 £_a Uki^ ^ 35°C(d&),30°C(w&) j^ c_J=jJI ^1 ^ 2fcg /s . 1 • 

...ui^ti a!^ juc s !^ji (^oiji. jl».jT. io°c , ;oo## jjt 

Jlj-^Vl j^l*!^!^ 15%/j j-a 40°C(db),25°C(wb) jJ^l ^\j^i\ Cj-a 10kg/ s ,U\^ ^ - n 

. t.UilMI *lj*l] 4.JLUI J^Vl jl».j! . 20°C(db),50%RH 
.^JlIII ia-j-i - III (^jiJI («jjej>J! . II iaL>J| 2j|j^>J| i>.jj . I 

^IjJI ,1^1 . 4°C(db),50%RH ^jUJI ,I^JI aUj . 24° C(db), 50% RH jl^ ^ . \\ 

4 i ( ii <j 40 /4> x_>-ljJI «.l_a-JI 4 i ( ii < OjL^= Ijl .(^^jLJkJI *'_a«J' /«-« 4Jal> Juu 4jj_al3j (Jl^3 j -t>rP ^J-*J' (j-^ 
J ic ^^-jl kJI *lj_ jJI ^ a 0.8&g / S uU !». p" J (AHU) *|j 4. 4 IjLla 2 J ^j ^_ - ^ T 

^^JUai ,|j,J| jlj^j ^.24°C(dfe),50% j^ljJI ^1 ^ 2.4^g/^ ^_a 40°C(dfe),28°C(wft) 



.^ ^0. 







: Jl>-jI /<u (j-aj ^J^"'"JU ^~*-' " 4_Lajj^>JI cliLu-aJLJI (<u-ujl f] = oO /0 Jjj-lLJI ' ail 

Jjj_lLJI i al a Ajl^u . I 

^jliJ! *ljfJI (>a \.5kg I S Lkia. ^ ( JlvIj iJ.U-L.u-a ^j I ajg^aj alkj 2. ^ i 

liUj j^u . 20°C(db),50%RH ^1^ <d ^IjJI *l^l ^ 4.5&g / s ^ -4°C(db),S0%RH jlc ) 
cilA^\ al^ ^Mj\.\9°C(db) J\UiLLJi-Jaj->p3 35 C(db) J\ A>jlzd\ ^1 c^-^^ 

ij-Gc-ixiTJ I I al a 4jl^u . I 
' '- "*L? * "*- l^~* - < > 

.20°C(db), \00%RH J\ j^u ^32°C(db),28°C(wb) j^ c^jJI ^1 (> a 1.0m 3 /s . \o 

.*l^jjl IJlA Jjj_jjJ 4_aj}Ul 4-ujj i n ■> 1 1 j 4 LalJ=3Jl ajlj_>JI 4_LaJ== Jl>-jI 
t_gjl i nl (R) j_pj| (Jlj_»-ij (^J 4_J jJuJI SU^'i jj^j «jlj^>il CjL>-jj 3j-^ ol '-^J Jl ^ c - ' ' n ^~^ " J-ir"^ - ^ "^ 
:/_jV! C»-a-Ll I jl 4j JutliJI SU^'i JUa»f Jl^-j! 4jjI1x j^j==l-uuJ I 4-tajjj>Jlj LLuLIt^a . AT = 9^l 

S//F = 80% aJSjJlIJ ^j^-41 Sjlj^JI JaL^a _ i 

5°C(db),50%RH a^jUJI JI^Vl . ii 
1.5 kW <>aL^=J1 J_a^>Jlj 14 kW ^j-^-41 LgJU^ L^J 21° C(db), 50% RH jJ^ U>j± - W 

4_l^]ajJ| j<s_j 4_ajJil! ( j jU J i n -> 1 1 SjIj_j>JI J_aLta J^-jl . 12 C (- A A-jjutlJI 4_LaJiiJ 4_sL>JI ajlj_j>JI 4_j>-jjj 

.Ajjiilll SJaii! LuiaiJI 

Jlj^Vlj . 6 kW ^L^JI J^wkJIj 54 kW ^^^uoJLI L$U^ yj *LLi 4^.^" ^ ia^ - ^ A 
.10°C^jJiJIj ojJlIJ! LL2: uru Sjlj^J! oU-jj^-^jHI Jj^JIj .25°C(db),50%RH ^jJtU aJL^UI 

.: Jl^jI 
.4J2jJiiI (j^J ( 11 ■> U 2jlj^>JI (J^aljua . I 

Sjjiilll SUV. Jl_y>-1 - ?: 



.) U. 







2850 L/s £• 32°C(<i&),23 C(w&) jJ^ <^j^ *^ 540 L/s i=J^ ^h ^\^\1 < ?. m^V, f Lt^ 4. . n 
lil . 90 % RH j^ *%H£j j^I cJiU J}U uU^iiai ^ ^ .24°C(db),50%RH jj^ ^\j *1^> 

_ : Jl>-jI .70 % iSjJiil 4-i-uj i u -». t, I SjIj^kJI J^sLta jl^— 
Jj^jIlII 1 aJ a ^j^a r-jL>JI s-'^jJ' 2jlj^>- <<-»-J-S - II Jj_j-<IiJI ' all ^JlIII 4^*.jJ . I 

. £3jJ<1! ( _ ;r i^=JI J-a^>JI (<u ^j^l^—tl J_aj>J1 < (j^/j ( u -», t, I Jju>J! . iV . Jj>jUI 1 ala S<mi . iii 

. : L ^\ o-ai^. I Jl. 5&g / S 4jJl«iII *ljjb o^lh-" J-^^J 0-70 i3j-»U 
24°C(db),50%RH IA±\ jJI ^a^-itl Jaj^ . 

40°C(<#>),10%## ^j^JI (ojo^-.II i=j>i - 

0.008 kg / kg ( dry air ) aj JiAi!l ik2J jj^i 4_ui>l!I aj^LsjJ! . 

. 60 /oRH Jj^ilII 1 kl a (j-a 4j*._ajj>- Julj sl^a^LI 4 j i in ill AJalajJI . 

1/3 ,UIMI L^. 

<^=JI A^jJlJI J^ ( I 
Jjj-lL!I i aJ a 4jlj_o ( <_! 
<- ijV-^lII «.La 4_La-^= ( /T 

o j I j_ >J I (J—aljLAj jl -•- ■ ( i la j aa £," Se ■ •■" L-a_La (j— a ,jj ^-."" 4_a^C. * * ^^-""'^ -~ I J A 4_Ijl_La 2 Jl_»-j - Y ^ 

24°C(db),50%RH LJ^UI ^^.^.tl uLj^ . 

4°C(db),0°C(wb) ^-j^l (o.o^-.tl Jaj^ - 

34°C(db) ojulUI iL^J ^UJI Sjlj^JI ^.jj . 

1:3 (^UI^JI / j^ljJI )JelkJI i^-i. 

. :(-uaa.| i *D~ n 3J ^~* ' " <Uaj^>JI (jr Lc Sjj^=) jJL! CjLtlaJLlI rt-i-uj _Ulj 



.) ^V. 






Oj 



> ^ ^ 




lA u SoJIj JjjyiJI 3*123 uUuLui 






*l>jjl iJL>. o_JL^= Ii! . J-£>-<3 L-dJLa J}L>. ^^jLkll slj-jJI (j_a950 L/S £$Jlj ^^ '-~ ■ : '::^^"' p 1 tai? - YY 



Sjlj_*JI J_aL~ .27°C(db),45%RH a_J[^IjJI ,Ij_^I 4_JU.j 35°C(^),25°C(wZ7)^j 

. : JL>-jt . 90 % JJJ-jlH cola Juu fljjH 4-lll.u-LII AJolajJIj 0.8 i^jJil! 4-mj i u -> 1,1 

. L/hr s Jls-^j ' a-u^aill *Ls <Lj-*^=> - iii 
^Ij^lj . 24°C(db),50%RH ^_a ^jJlU ^ ,^,-tl Jlj^l j 5.5 kW ^j-^ai Lg U^ ^ji: _YY 
dsjJLka ^ . 1/3 aJsjJlJI ^ ^ ^jUJI ^1 JaU. Ll^i . 35°C(<i&),27 C(w&) jut ^jUJI 

ojIj-thJI (J-aLta lLs -^ 4jr JLcj 1 (J C J—Lc I -» i t"i a J_j_>_<j]I L-dJLa «.lj-JI t-i!_p-> <»t— po J-£>JJ L-dJLa (J^L>- s-lj-JI 
4_»-jJ ?cj uaj («L— po JlJ_j-l1II L-dJLa ^j_a r-jL>JI «.lj-JI *_a <L3j_iJI *'j-£> (j-a *jp- Jala. /<u I Jl .<LSj_iU (j-uj i mJLI 

.:<_^oJ . 15°C(<iZ?) Ju£. iajJii! *!^JI ajJJS Sjlj^ 

Jj^jjJI cJiLa !jji r-jL>JI *l_a<JI f-a ( Jlj^jjJI i aJ a Juu ) <L3jJ<JI (j-a *p-ljJI s-l^a^JJ 4j^HI 4 w » ill . ii 
. JlJ>»1II I aia 4-t.m . iV ^J^aJlj ^L^aJI A^jJLlI JjV>. . Hi 



.) u. 







THERMAL LOADS 
Human Thermal Comfort <jLuo>U 4£j!j^JI i^ljJI 

p i »-> II ajl^j>- 4_3-j.i X_d3^3 LoJlJjlS .2jI^^>JI 4_3-j.} ^_ p ^— > -»"" (Jill 2 j j -*. V I Jjjl £yi {jLujJx] p i n~>- 
^jjJI 4JLl2jJI 4jj_ajJI 4_i£.j2l JljJlaj-1 r^=> StLjl] ALksJ (*J-2-l ' (_g-lLaJI p i »■>!! ajljj>- (Jjjua £y£. ila-i i ■■ ) j I J rt <i < 
(_)^>-l J ^j_a ^J'J^*"' (j-* 3 "J 'J ^~~' ** £4 "—• (J-Sjj (J-q^vJl Jj_)jJa (j-C p > n *■»■ 11 AJ-S-l <«t--L>- ij^Juijua JlL>JI Coo *_23 
^j_C r-jL>JI (Jl 2jlj_>JI (JLajjl (JJlJLA jljj_i ^J) oJLlj jJL>JI 2jlj^>- x_Jj_^j IljJlIc < -»■ La i aJI Jl p i »■>!! 
p— i-aJ>JI |ju_U Jl-IJiIc < 4.C.J i n < a J |j_ :vJ I 0jL-ffc (j— « ^j-^'^-" II (*J— 1 «1 lij. pi* i"i2MJ (J-jUsoI £ (Jj-i^s^Lj I (jj-J^la 
J_jj_l p-J (j-^J 3j-*^' J-^ -1 ^ (J-dJ-* 3 (j - * 1 ^ L -L >t I' 4r 4_LaL^=JI 2jIj^>JI ^j_a »j u ^— > 4_ui^= ^j-* 3 (J a ' """' ' * i— SjjlIJLi 

.jJL>JI Coo AjJI SjIjjv i^jji ■'Ili'^jj'Al p ,,,^-tl 
4_j^ajJI 4_i£.j2l I J^-jj . ^ 5t-uJaJI (J^L-tU (j-C M-l-1^ ^j a a ^- 1 " (jl ujJI] p i n->» Sjlj_o- I Jl_jj LaJ^_Lc 

4_lUi .Perspiration slows down .^^.jLJJI jJL>JI ^J Jj^I^JI ajJI o^h-" J- 11 *- J^ <J1 ^Wi ^U^aJ^Li 

. jjl>ji ->u.,i d u , ,,ij i s_ijjmi 2jIj_>ji 4-L4^= (jjij 

x^L U^= Fanger j-aJLa aJ — |^j SjljoJI cUl! iljU-a ajLj^= pj..rjL>JI J J p^oJI 
() = +(),+() . 

*-- z-'skin z-' respiration 

= (+Qc ±Q R ± Q E )skin + (Q c ± G £ ) re ^>a ft0 „ 

a ^>UI jjo-j (j| U^= (Qe) a-^^ 1 jKGs) ^L«-^^l j! (Q c ) J^>JI t3d> a^ o^3^=di inspiration) 

(jLa liUj ^^ ajLoj j_3bjj]I lLUJl^=j pU_ii^lj J_«oJLi «jlj^>JI JLSlil Cr JLl j-pto 4J (jLt^J^I a i.„y ^i^. 

metabolic heat (jiajLiJI ^jejjJ /o-uqJI L^j^jel^o ^pJI 2jlj^>JI a_l«^= ^ lr j-uto L^J (jL^uJ^I i £= -j^ 

generation 
•Lr* pi mJVI 5jvIj ^If J-ffi cpJI 4juiL-uVI JjoljjtJI 
: (_j-£>J 4-lLli >xa Leg. /«-Jjt I j*" .(jl ' u-l j(l 4^*- 1 j (_yic ^pp jj-aLLc Ci i " LiULok 

(dry bulb temperature) iaUJI SjljoJI 4^.jj — f 
(mean radiant temperature) 4_uiL«_<i^1 SjljoJI 4^jj> . ta ■ -j" a . ^_j 



i ft < «5TTtl LJLxmLuii 



*M 



\ \ \ 




ia u SoJIj ■AJJ^ 1 VUi flj uUuLui 



i_Lu& J j JU jy 



(relative humidity) SjjLjJI aj^oJ . r 
(air velocity) *I^JI ^-j-^ - -> 

: 1 q ife jj I j . ^-. •■»- .". ^j I j . a * c i_l!l_akj 

(clothes insulation) (j^j^UI a^ejjJ Jj-*J1 - -A 
(level of activity ) L> ^aitAI I a^=jj>- ^jj^a . j 



Lab oLljJ^I lai I -i^-— ( <LaL»- ji 4_±Lj ) LglLLCaJj SjIj^kJI 4j>.jJ jl JuLa Jl j la **' I jui> £-J 

Laf.t— a J~^ II j— l>JI A-i-i-isjl ^j_a 30 — 36 (j-L-1 pLojjl (-IcXoLajj/j^o^jIlJI jl )Cj \jjLa^ajjS \ X-^J (— Q.J 
.LiL>.2 Li j-jLLu/J <L)^lajJI (_yic J-<Cl<3 ^ 4_»-ljJI /— LaJtJ (_jJ-JI SjIj^kJI <L»-j.} jl JuLa 

. x_lAiII JlJ£. . 2jlj^>JI a^jJ LgjL Effective Temperature 2jiij-t1 «jlj^>JI *->-j± <-3>*jj 

4_l^IajJlj 2jlj^>JI CjL>-jJ 1 aJLtie 1 «.i_3jJLl ^j-ul i n~>-2l (j-uAj /ylaJU (_jJ-J'j (4 j mil <U^iajl00% Jtlc ) 

.15-25 fpm *1_^J1 ^c.>" jj^" Laju£. 
^ 4_JLUI oLl^IjUI (j! U^= 68 °F(20 °C) ^ *LLiJ! IL. Sj3jJJ Sjlj^JI a^-jj jl j^jj 



4 1 1 1 ,i ill 4_ijj3jJI 
% 


bb^' ^-J-i 


°F 


°C 


10 


78 


25.6 


20 


76 


24.4 


30 


75 


23.9 


40 


74 


23.3 


50 


73 


22.8 


60 


72 


22.2 


70 


71 


21.7 


80 


70 


21.1 



(UliA) fljjjll Sj1^>^*J1 ^jL^j-> :( — Y) Jj. 



.^ t.. 



2uil£j!3i*-jJ! 










L7- 



k*3 ^pJI ^ LJLUI oL^ljUl (jj U^= 71 °F (22 °C) ^ 2j3jJ.I Sjlj^JI ^jjJa i Lu^JI £_ Ul 



A 1 1 1 ,1 ill 4_lji3jJl 
% 


bb^' ^-jJ 


u F u c 


25 


80 


26.7 


30 


79 


26.1 


40 


78 


25.6 


50 


77 


25.0 


60 


75 


23.9 


70 


74 


23.3 



Sjiiji,! »jlj^>JI CjI^-jj :( 1 — Y) JjJl»- 

Aj^iajJIj SjIj^kJI CjL>-jJ L-oJlita Jtlc Comfort zone i^-lj-II ilaj^>. J-*C (<U (<U (j-aj 

«.l j_jk J^-ic l_!_}Lc I 1 n it (j 11 j Ijj I ^J^^ Ual Mil (Jjlj_> jl 7c-£)" 1 11 a 4_!L>- A_ 3-A3 4_»-ljJL> iJLJI (_^aie_iIiU 

4-g. V 1 11 II j^n>in 
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S 5 



a. 



dry bulb temperature 
.IjJI Xlkla :( Y£ - Y) J^ r„ 



MS. 







4 ^^— ^j "^1 4_Lt-qAjl . *lj-JI icj_uj IL. ajLjJI AjJL 4_JLa *lj-JI ^j'j-^" ^J^ ^^jj ^^ <tr *^1 "^J 

LL_lo - Ij^ H 30/f/min itj <_oj ^ • ojj (ASHRAE) *lj-fJI < a j^="j - L -ih^' <ijaju]| ^ ■ ■■ '-jt 

. *Lui sl^^LI 30/f/minj 

: Mean radiant temperature ^buiV I s»j.j ia-^ji* . ^. 

2jJ_j-<_l 4_L>-L>.jJI -»■ La i u * I jl iOjLjl (JIjJl^kJI i_<_)L>o (jj_)_a^=a-l jjJlJI ^^^Lt i"iVI j< i"i < La jj i j ^-» 

(relative humidity) ~^jLjl} Wi . j 

( l) SjJLaJ I iL. 4_tic (3^-LtTiJ I pj 
: Lj_&_a jlj'^ : > uii\ (j 1 1) i -^ * » 1 1 Lai 

(clothes insulation) uuu^UI a^u J>JI . _* 

4^>-jj j_c p i ri*«.1l (Jj-c (JL. (J-<3-*3 (j^j '- i J'- 1 9 1 'J*-* - C)3^ =s - i ^ r^J- 1 4r- ""Hj^ 8 l£ILl>«j aJLuL>. (j_uj}LU 

p.1 ua-i dl (j-uJ^HLs I *^ LtaJI ^_ Lai c ( 4 1^" q u <^La ) J|j_*JI 2->Lj (j i n-=r" i nt »1 (fail /^-is . (_yj»-jL>jl *L-JI 

■ -*- ''-"■" 4 j * La 2 ] I (j_uj}LU (j I n-r" I II) ) gj I rl^-VI j^^jk ((JjLfcJI 4 «■! Jaa I *l Ql II (_LldJ ) 4 a-tAJJI 9 

(level of activity) ( _ K ii t A]| iaL^ ^j-.^.j 

£ r<U-aJ»JI <_)i»-L (^a-lVI SjIjj>- J^jJjJ Jjjj-La (j£. «GjIjj>- 4^».j-S (_yL. (*> i n->tl Ji^Lo I LLlLu Lj-ili/l ' -1 ^~* 
Jal iSillI po_) (_ r lc J-aTmj (_^aie JJl (j-* 3 2JlJjIU,I 2jIj^>JIj . ajlj^>JI i 'I ...",^-.1 qJLjj r-jL-tl! 2jlj^>JI (jljJia 
Luj-Sj i^gjl i ill /<uLLll (_£.}LtJI ,j-^~- uuJl ^2>_a 2 JlJjZU.1 2jIj^>J| 4-La^a i La ■ uaj a (j! Jl>-j <i-;i^- (_^iaie-i-ull 4 i i nitLi 

«jlj^>JI 4_ui^=La >L_a aJLJI «j-^= 4_iisLj^= ^-^Ljj Jj'j^ l5^' Lai 115 W ' ~<^ « '£_ Jjjju ^JlIIj 87 W 
4-jE-uJ p iii^tl 'A- 4_j_aIajJI 2jiLj Jl i^jJ-j ^1 iii^,1I lLI u.mII 2jLjj . 440 W ^jLuj 4_!L>J1 o'jjt 'A- 2 jJ^lil 

. p i ii^tl JiJ^jj (jyic (J-<wJ °J3^i L^^'j ^J^' 

7tjl_aj_Ilj A—i^j^l (j— a LlIL>. ^j ^— » ' (j! U->J j—li'.ljJI «.lj_-JI (jl i Lok j^=s J^_i (j! Ljjj^j V I -i^~* 

Jl <n" ml ^jJb IJJ .1000 ppm (j_C JljJ3 ^? jl uaj (JJ-Jj^=l1I Jlj ...£—\ ^Ij 4jui't (jl I »^=> tlgJj^aJI 

(Indoor Air Quality, IAQ) ^i>.l jJI sl^jJI S»U^=lj (-Sjjlj La I jakj sl^il oLllaj oLe^ij^ 



.> tt. 







Thermal Load Calculation ajjIj^ji JU*V| c&*^ 

r-j-io jl ,Ji>. Jt3 ^_jJ-I' 2jlj^><JI A_ui^= 4_i > <-■»*< (_a_u^=illl j_l>J ajlj^>JI (jl jJiSj i il ■ ■■"^-»j 
I jJaj^J J 2 flJ J I i al '^-»" (jP-Jl sjlj— ><JI 4_L«^= «LJL) i_3j_*J j—ueJU ■ S-lS^JI (JjUsJIj J-ltkJI jj^a LuiiJ>J 

■j-L>JI 4 la i ul aj 
I fm^'tl oLji»C £_ (_£jlj^»JI (_Lv>JI 
tjjLc^oJ i a-u^ali! Ciljlaf £- L^j'j-^' <J-*^I 
2jlj_>- 4_»-j.} ^j_a ^d>* J' ' ^ ' '**" ** " " "" * ^j'j^* 1 ^' (JL*^-^ I ^)J^~~'"' LaJtlc I ^'-^ tilljj : J^J^p (J-a^>- 

.<jLLlj^3J jljil (jl^a-ll 
(jl ^sdl SjIj_j>- a_j*-j.} J jISj (jr lc A a b -> 1 , 1 4_jjIj^>JI (JLaj*. 2I <J-«i*3 LaJtlc «.Llii dJJjj : tj-ua- 1 n"< J-a^*- 

■J d-o^aJ jljJl! 

t(j-L£.JJ J I JlJ_j_uJI (3^>- J si La ^ p^ i a2j ^j^— I 1 ' 

: Ui4j External loads ^jU. JU^I . I 

(_£jlj^>JI J-u-ajlILl lillij 4_u-bjVI . I 12-iJI — tlajl^>JI J^L>- <JiJ jJI Jl rjL>J! <j-a A ?J 2 * 1 1 2jlj^>J|- i 

Wall loads lLjI_^>JI J^u*. jl i^-Ti^L L&lLi J^jj 
(>-c_aJ (jja jj^""j Solar gains OR Sun Loads q.u* uJlj-utj ^a a_>JLl!Ij rjL>JI £y» a 1j 2 ' 1 , 1 «jlj^>JI -ii 

ajjj-Lj-jJI JlsIj-LJI (JdJ-^ 3 o^ 1 j-""W^ f"L*-"iVI ejl 

(j ii <1 i"i II 4 t i"i 2 2j_<1uLl« 4_ii5j_*JU i a-2-mJMa (jljJu>JI Jjj^la ^j^. (_£jl^>JI (J-u^jjJL) A la 2 * a ajl 

*Ij_a (J-J>la (j_c jl Infiltration Load <_>j_culJI (Jjpo <j-c JiJ jJI Jl rjL>JI (j-a aJj^UI Sjlj^sJI -iii 

.Ventilation Load.Aja^lJI 

. L^iaj Internal Loads ia^i ± JU*.? . i_i 

^^^aLsr i"i VI ^j-^- A_>jlj aj|jj>. 

Ss-Liis VI {j£. 4_>jLJ ajljj>- 

jt^— tl Ji^l J Jl^Ijjj ^pJI Ajj|j^>J| j| 4_uLlj^^=JI CjI Ju«J,l {j£. A^solj ajlj->- 

JL<v^fJ Sensible Loads (Q s ) jLuj-lilim JLa^f JJ a_jjIj^>JI JLa^Vl pj m23 ^ ^-»«ij I o^-> 

Latent Loads (2, ) AJLaL^a 



.> rr. 







. Q rad ,jlj j^>JI J>Uj ^LuLJ^I £l»0 J>U. ^...g^tl ^LlAVIj v ,„^-,ll - 
<2 f 4i£U.j j''^"j SjUVIj ^UtiVl ^ ^IjJI ^jIj^kJI v --^ti - 

jg/ '**" SeHflJI (J^L>- i—)> i n"(tl a | 4ja^Lj| 4_»_uJ (_£jlj^>JI (Jj^j»JI " 

2m c£>^ ^L^ J-iL^^ 3 ■ 
t^ U^= ( rtj^-ill j-ptU 2 r ^l^itl AjjIj^kJI JUa-Vl 4jL1^= g^flj 4Jc 

e =e ,+e±e ±e ±e 

2 rad i w v m 

(LLu-a ) i_Li^=J,l j-^JI 2jlj^»- 4^-j-i -i'-ijj Q T > i!L>. ILj 

(»l"mi ) c_a-i^=J,l j-oJI «jlj-=«- <^>-J-> (J ^ * *» '"' Q T < aJL»- IL. 

Design Conditions ^.-viil t-aj^lo 

pIL) «L-JLlj I a ^-^ 1 ,1 j_pcU 4_)jlj^>JI (JL4J>. VI jl JuLa (_yic 4_o*jL>Jlj 4_jJL>.| jjl pj-i Ltalljl (Jl^a^-I ^3|3 
p^.^ ,V,tl J|j_^.j ( j_a J £=J 4-L.i-i.alII A-J^aiijJI lLUJl^sj A-jIsjJIj 4_sL>JI SjIj^kJI 4^>-jjJ 4_Lul>s /ui jLjkl I 
Jl_u1 (JIj_>- ^(1 (J a j i » ^— > ^_ (J-iytJ > ^J j ' *~M i_kjj^aLl!l ALlij a Jl>-j jI_ll>-I /<uj ajLcj .4_lL>.| jJI j 4_l>-jL>JI 
(jl 0_2jJI (j_a aJJt^ta 2 JlIj 4_3*j^>JI CjzL>JI ^_ 4Jl Jl>-j ■=* *^— ■ 1 £ 2 Jl>-jJI 2«.L^= ^j^a JISj La-4 4_uj_»- (JLa^-l 
(j a ^— » ' LlILc. 4_lLi a ^1 mJ^al 4_»-lj (_ r lc M ' ' ^~~* ^p^ -1 ^^ ~ ' " ' J * ^ ' ' * ^^"" a J^>-_a /<u3ej>. (jl '^-^ ) 

.(ojo^-.tl J^l (> 97.5% ^ jLl^VI 
: Outdoor Design Conditions i^jLkJI ^jo.^itl j^f 

p^ aJI jl_iTi£,l x_a 4_l>-j L>J I p J -1 "•*" 1 1 (jl^a^-l (. i i iiLLlJ '^J-l > j '"' jLll>.| pj Ji^ (_p3UjJI 4_bjti 4 i i uj |L) 

dry -bulb temperature (db)43°C a 

wet-bulb temperature (wb) 26°C b- 

4_lILjJI (<m-5JI jLiTlcI x_a 4_l>-jL>JI A-Lq Lallll (Jlj^>-I i- < i uLLd J " * ' J J '"' jLll>.I pj J^ (^^oLjjJI AJjJlI 4 1 1 nitLi 
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dry -bulb temperature ( db) 3°C 
wet-bulb temperature ( wb) 0°^ b- 



a- 



hr 


Jan. 


Feb. 


Mar. 


A] 


Dr. 


May 


Jun. 


1 


db 


wb 


db 


wb 


db 


wb 


db 


wb 


db 


wb 


db 


wb 


15.38 


12.44 


17.00 


14.22 


20.33 


17.28 


22.89 


18.61 


25.67 


20.56 


27.33 


21.61 


2 


14.44 


12.06 


16.11 


13.89 


19.44 


17.00 


22.00 


18.33 


24.78 


20.06 


26.44 


21.38 


3 


13.72 


11.83 


15.39 


13.61 


18.72 


16.72 


21.28 


18.11 


24.06 


19.83 


25.72 


21.17 


4 


13.17 


11.61 


14.83 


13.39 


18.17 


16.56 


20.72 


17.89 


23.50 


19.67 


25.17 


21.00 


5 


13.00 


11.50 


14.67 


13.33 


18.00 


16.50 


20.56 


17.89 


23.33 


19.61 


25.00 


20.94 


6 


13.33 


11.67 


15.00 


13.44 


18.33 


16.61 


20.89 


17.94 


23.67 


19.72 


25.33 


21.06 


7 


14.22 


12.00 


15.89 


13.78 


19.22 


16.89 


21.78 


18.28 


24.56 


20.00 


26.22 


21.28 


8 


15.83 


12.67 


17.50 


14.39 


20.83 


17.44 


23.39 


18.78 


26.17 


20.44 


27.83 


21.78 


9 


18.17 


13.50 


19.83 


15.22 


23.17 


18.17 


25.72 


19.44 


28.50 


21.11 


30.17 


22.39 


10 


20.83 


14.50 


22.50 


16.17 


25.83 


19.00 


28.39 


20.28 


31.17 


21.89 


32.83 


23.11 


11 


23.83 


15.56 


25.50 


17.17 


28.83 


19.49 


31.39 


21.11 


34.17 


22.67 


35.83 


23.83 


12 


26.67 


16.56 


28.33 


18.06 


31.67 


20.72 


34.22 


21.89 


37.00 


23.39 


38.67 


24.56 


13 


28.83 


17.28 


30.50 


18.72 


33.83 


21.33 


36.39 


22.50 


39.17 


23.94 


40.83 


25.11 


14 


30.22 


17.72 


31.89 


19.17 


35.22 


21.72 


37.78 


22.83 


40.56 


24.33 


42.22 


25.44 


15 


30.78 


17.89 


32.44 


19.33 


35.78 


21.89 


38.33 


23.00 


41.11 


24.44 


42.78 


25.56 


16 


30.22 


17.72 


31.89 


19.17 


35.22 


21.72 


37.78 


22.83 


40.56 


24.33 


42.22 


25.44 


17 


29.00 


17.33 


30.76 


18.78 


34.00 


21.39 


36.11 


22.56 


38.89 


24.00 


41.00 


25.17 


18 


27.06 


16.67 


28.72 


18.17 


32.06 


20.83 


34.61 


22.00 


37.39 


23.50 


39.06 


24.67 


19 


24.72 


15.89 


26.39 


17.44 


29.72 


20.22 


32.28 


21.39 


35.06 


22.89 


36.72 


24.11 


20 


22.44 


15.11 


24.11 


16.67 


27.44 


19.50 


30.00 


20.72 


32.78 


22.28 


34.44 


23.50 


21 


20.44 


14.39 


22.11 


16.00 


25.44 


18.89 


28.00 


20.17 


30.78 


21.78 


32.44 


23.00 


22 


18.67 


13.72 


20.33 


15.39 


23.67 


18.33 


26.22 


19.61 


29.00 


21.28 


30.67 


22.50 


23 


17.28 


13.22 


18.94 


14.94 


22.28 


17.89 


24.83 


19.22 


27.61 


20.89 


29.28 


22.17 


24 


16.22 


12.78 


17.89 


14.50 


21.22 


17.56 


23.78 


18.89 


26.56 


20.56 


28.22 


21.83 



(^LjjJI 4_bjd AjIsjJIj £sL>JI SjIj^kJI CjU-jJ :( V — Y) JjJl»- 

RIYADH COOLING DESIGN TEMPERATURE PROFILE 
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hr 


July 


August 


Se 


pt. 


Oct. 


Nov. 


Dec. 


1 


db 


wb 


db 


wb 


db 


wb 


db 


wb 


db 


wb 


db 


wb 


27.09 


21.61 


27.89 


21.61 


26.44 


20.56 


24.00 


19.00 


19.78 


16.89 


16.44 


13.78 


2 


27.00 


21.39 


27.00 


21.39 


25.56 


20.33 


23.11 


18.72 


18.89 


16.56 


15.56 


13.44 


3 


26.28 


21.17 


26.28 


21.17 


24.83 


20.11 


22.39 


18.50 


18.17 


16.33 


14.83 


13.17 


4 


25.72 


21.00 


25.72 


21.00 


24.28 


19.94 


21.83 


18.33 


17.61 


16.17 


14.82 


13.00 


5 


25.56 


20.94 


25.56 


20.44 


24.11 


19.89 


21.67 


18.28 


17.44 


16.11 


14.11 


12.94 


6 


25.89 


21.05 


25.89 


21.05 


24.44 


20.00 


22.00 


18.39 


17.78 


16.22 


14.44 


13.06 


7 


26.78 


21.28 


26.78 


21.28 


25.33 


20.24 


22.89 


18.67 


18.67 


16.50 


15.33 


13.38 


8 


28.39 


21.78 


28.39 


21.78 


26.94 


20.72 


24.50 


19.17 


20.28 


17.06 


16.94 


14.00 


9 


30.72 


22.79 


30.72 


22.39 


29.28 


21.39 


26.83 


19.83 


22.61 


17.78 


19.28 


14.83 


10 


33.39 


23.11 


33.39 


23.11 


31.94 


22.11 


29.05 


20.61 


25.28 


18.67 


21.94 


15.78 


11 


36.39 


23.89 


36.39 


23.89 


34.94 


22.89 


32.50 


21.50 


28.27 


19.56 


24.94 


16.78 


12 


39.22 


24.56 


39.22 


24.56 


37.78 


23.67 


35.33 


22.22 


31.11 


20.39 


27.78 


17.72 


13 


41.39 


25.11 


41.39 


25.11 


39.94 


24.17 


37.50 


22.83 


33.28 


21.00 


29.94 


18.39 


14 


42.78 


25.44 


42.78 


25.44 


41.33 


24.56 


38.89 


23.22 


34.67 


21.39 


31.33 


18.83 


15 


43.33 


25.56 


43.33 


25.66 


41.89 


24.67 


39.44 


23.33 


35.22 


21.56 


31.89 


19.00 


16 


42.78 


25.44 


42.78 


25.44 


41.33 


24.56 


38.89 


23.22 


34.67 


21.39 


31.33 


18.83 


17 


41.56 


25.17 


41.56 


25.17 


40.11 


24.22 


39.67 


22.89 


33.44 


21.06 


30.11 


18.44 


18 


39.61 


24.67 


39.61 


24.67 


38.17 


23.72 


35.72 


22.33 


31.50 


20.50 


28.17 


17.83 


19 


37.28 


24.11 


37.28 


24.11 


35.83 


23.17 


33.39 


21.72 


29.17 


19.83 


25.83 


17.11 


20 


35.00 


23.50 


35.00 


23.50 


33.56 


22.56 


31.11 


21.11 


26.89 


19.17 


23.56 


16.33 


21 


33.00 


23.00 


33.00 


23.00 


31.56 


22.00 


29.11 


20.50 


24.89 


18.50 


21.56 


15.61 


22 


31.22 


22.56 


31.22 


22.56 


29.78 


21.50 


27.33 


20.00 


23.11 


17.94 


19.78 


15.00 


23 


29.83 


22.17 


29.83 


22.17 


28.39 


21.11 


25.94 


19.61 


21.72 


17.50 


18.39 


14.50 


24 


28.78 


21.83 


28.78 


21.83 


27.33 


20.83 


24.89 


19.28 


20.67 


17.17 


17.33 


14.11 



^Ljpl i-bJd 4_lLjJIj IaL>JI 2jlj^>JI ^jU-j.> :( A — Y) JjJl>- 
RIYADH COOLING DESIGN TEMPERATURE PROFILE 

:Indoor Design Conditions LtiiljJl ^M.^-tl jlj^f 

. : <Ll!Ll!| (Jl_J^- 21 AJjL^tjJlj <Lal_*JI tJr Jl [ till ' /i^^-i'tl p la ' J <i t" i n"t 7tJ_>~o s-lj-ii ' ^JJ^- 1 "' r- ' la * 1 

a:23.5°C-»25.5°C ^L>JI Sjlj^JI ^jj 

b : 40RH -^ 60RH i,,,„',\\ a^jJI - 

a:21.5°C-»23.5°C ^L>JI Sjlj^JI ^.j^ 

b : 20RH -> 30RH i,,,,,',l\ <yl*jl\ 

(Comfort Zones) ixljJI j^Li* ik^j 







Cooling Load Calculations juj^I JUHuU*- 
: Initial Design Consideration ^Ijcu^I pjo.rV.tl oljLa^l 

Building Characteristics ^^ia.1 ^L^*. . } 

building configuration ^yliqU *-jj^?1 CjL&Uo^I ?tji^jj <_iU Jl^=j 

(Jl Qtl I lllj pJJ (- r ( n~>- 4_JL>-ljJI p J -1 nail] I (Jl^>.i <l3j_*_a ' 1 1 laj ' ' i>»ll TcJL ^ I rl q ("l ] I f-\ t |"|^M (JjUL>SJ 4_l^.jL>JI 

( scheduling I^aj-JI ^UaJ ) }liua 5*Lb^l J*£. Sps <_iU Jl^=j ^Us-ii^U Jl^IjjJI ^>ajj « J^ . r 

Space Heat Gains & Space Cooling Load j-peU -)y>^' J-^j j^P 1 ^ lSj'j-^' i.Mo^-itl 
(time interval) SJLulxi 4_ilaj «p_a J}L>. j-^sti! 2jlj^>JI JL2jJ| Jjljla j_ib j_peiJ (_£jlj^>JI i_< m^=JI 

p^-l ualiJl (Jlj^>-I (_ r lc lal a^ell 1 a-t^aJLI j_L>JI (JM-»- (3-« »jlj^>iJl LiTm (J Jm_a jjk j_ptiJ (_£jlj^>JI Jjj^kJIj 

. 4jjIj 4_lL>-IjJI 

Space Cooling Load j-pJJ ^dh^' JU^t 

(air-air rjUJIj JiJ j_JI (jrH 1 2 jb-^' ^^J- 5 3j— ^ ^t-pj J»»l J-JI ^j £jL^' o—« (steady state) 
pU MtVI 4_ui^= 4- <-fl^L"iJ>.>U i-^uj (unsteady state) 4_«JiIlaj^c. «jj-i^ij il2Iill SjIj^kJIj < temperature) 

.jlj^>JI ^^ ilaJal uA\ 
(thermal LjjIj^kJI i 1".^— It 4, ,„\ ;jlS.<.<i 4_l1^i j-iThj j I j^>J I j-t^i «jIjj»JLI ^Jallll j-t£ JLSHJVI Sj-iblii 
4-rjL>JI jl Ji^ljJI ^J L^ij; '-»" pJi j!jlj>JI j^c. SjULl LjjIj^kJI aSLLJI (jjj^*>j puj '^P' ' (jrH 1 -^ mass) 
L<j-a (decrement factor, f) jL-a2i!l J_aLtaj (time lag ,0)(_oJLjel!l (j-«3 cP-*^ cr^ 1 ^■dy I j^>j t5^^ °^J 
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(j-L-1 ajlj__vj'l CjL>-jJ Jjj-^ A-jc-uj j-L>JL) 4 Laj^JLI J-ijIj-sJI jl (jljJ_>JI (J^L>- a , , „"^-. 1 1 2jlj_>JI (j"-*J 

: LJLHI aJjULj (air-to-air temperature) ■ La s« rjUJIj J_k| jJI 

2 =st/xAx(r -r) 



r. ={°c} 
r ={°c} 

A = {m 2 } 
U = {W/m 2 K} 



4-iL-UjJI 4_a|_>J| p^ ,^~,\\ *lj_i> ajlj->- 4_»-j_i 
4_l>-jL>JI 4_2L>_n f\ J -t Lg-L] I s'^-ifc 2jlj->- 4_»-j.} 
TtJI... I **■ oJI 1 (jljJ-TtU 4_l>-jL>JI 4_>»l i all 
tcJI.... I **■ aJI ( (j'J' -Sell /— l-=--ll ojlj->JI (J-a-t-a 



(J-aljLA (j! I -i^-~* /, ''IJ 1 j La (Jj__=3lLi /jJ-I' '"'' £ lL-JI /j-lc J— aTm ^l/ J (j I j Jl_s_LJ ■ L_=-J| Sjlj__»JI (J-aLtaj 
j jkj 1 o^-» slj-jJI 4_tj__u <___£. (jl_Ul*J (/*„) 4_i_wjL>JI ?J Vlj (/l^ijli-ljJI ?J >U <_U_>JLl Sjlj_>JI 

: J! cJ! ( A . Y)Jjj_>J! _i_ 



/*{W/m 2 ^} 


Sjlj-sJI <>L>Jil 


jLull 


10 


<>TJ1 


(____3I lL__-L>. *_a (j___5l__u &!^_A 


6 


J_L_uf Jl 


iJa2n J_ijL>. x_a (j___5L_u tl^jt 


8 


(tlijljj^) (jyl-Si 


tjj-u\j lL__L>- *_a _>-=->l-<-u *'3-^ 


34 


oUUJVI ji_= 


6.7 m/s 4__j__oj ciJj_7_2a *lj-4> 


23 


oUUJVI Ji_= 


3.4 m/s ic.j_i.uj w_!j_rtla *!j-a> 



,JjI_*JLi ajlj_>JI (JL___ll (J^aLta :( \ — Y) (Jj t 



LJLUI 4__.mi i> (t/)oljJ^ 4"jl^-,tl Sjlj->JI cr^ b^y 
1 1 1 ^x 

— = — + — + > - 

U h h ^k 



o l 



u ri* : t {W/m^} o 



x = {m} 

jJu k (Jj-i-isj-JLi ajlj__»JI ( J_al__a j' 



J__iL>JI i LI qi ii 

(Jjj-aj-JLi sjlj_>JI (JLIujI (J^al-La 

7c_iisjJ (__tl d_JI ( 1 . Y ) JjJl_>JIj 



• >tA. 






Oj 



> ^ ^ 




lA u SoJIj JjjyiJI 3*123 uUuLui 






k = {W ImK) 


lM\ 


0.72 


(common brick) 


l^jLt <— l^la 


1.30 


(Face brick) 


<L>-lj (_ ijis 


1.72 


(Concrete) 


4_iLujjj>. 


1.10 


(Tiles) 


Ja>L 


1.80 


(Stone) 


2jUt^ 


0.72 


(Cement plaster) 


4 i" ' o i ii 1 4_)q_a 


0.80 


(Gypsum plaster) 






0.16 


(Hard wood) 


i >. ,",l i i , ,",-^ 


0.12 


(Soft wood) 


t-gj-k s-'- 1 ^ 


1.72 


(Sand) 


<>J 


0.036 


(Cork) 


(jriJfi 


0.036 


(Glass wool) 


Cr^^j^A^ 


0.040 


(Polystyrene) 


OdH-^4^ 1 


0.023 


(Polyurethane) 


U^lcr 1 ^ 



(_£j1j^>J1 J-***] I J-ASj 4- ^-*^- a u-*3 (insulants) Jjl^tlLi i_3jju j^L^ l5j|>=* Lk-^j^ J-aU-a l^J ^pJ! ±\jX\ 

i ^^,..vlj jjIjJljsJLI (Jjj-ajjJLi 



Ml. 



2uil£j!3i*-jJ! 










; : Kl .tl-U ...Vit J ^jjbsjlj »J| J| sal J al^j /z =20W/m 2 Z' s^jl^tl.U ...Vi t J^JL Sjlj^tl 



./i. =10W/m 2 ^ 



(5 mm) ( 400mm) (50 mm) < 5 m11 ) 



+ $hq>+li)dz / 



+$ht} + [ijdz 




:( YO-Y) J^=^ 



X X, 



+ 



x* 



X, 



/C /Ci /Co 



+ 



+ 



x,1 



x 2 = 400 mm = 0.400 m 



x = 50mm = 0.050m 



*! =jt 4 = 0.80W/m£ 



& 2 = 0.72 W/mK 



£ 3 = 0.036 W/m^ 
^_ 0.005 0.400 
1 J ~ 0.800 + 0.72 



j jCj = x 4 = 5 mm = 0.005 m 







ij»JI ijjjiil) (JjIjlj»JI (j-«j 



(^jUJI i—ijLJLI) JjIjl^JI jjjjj 

((_y^U.jJI i_3^nai]) JjIJl^J! <>aj 



0.050 0.005 



0.036 
1 1 



0.800 
1 ^x 



1.957 



y 

U h h.^k 



— + — + 1.957=2.107 
20 10 



:.U = 



1 



0.475 W/m 2 K 
2.107 

Sol-air Temperture *I^JIj (_>><«» Atl «j 



^j J 



2uil£j!3i*-jJ! 
uluSyill uLuiiLii 







jaiaAxil 



S-lj-JI ajlj^>- 4_j>-j.} 4_< v l3 j^j-C jj_«3 4 j 4 frj ajlj^>- 4_j>-j.} ( jr - fi> s-lj—Jlj (j n <1 )*iill ajlj^>- 4_>-jJ 

7tIa_uJI J!vL>. «jlj_>JI (JLSliJl Jjljla (j-u_oJ ^ Lajt3 (^x-U i^i^l JjLjIII Jl^a—iil (-jL-ac. <4- cP-^'j <jr^j^*^' 

T =T n +(aI)/h Q 



w o 



AT = T -T 



■ol 



I -- 


--yV/m 2 ) 


K = 


\w/m 2 K\ 


a 


= 


AT 


= {K} 



4_l»-jL>JI -- La i "." 1 ajlj^>JI (JLSjjI (JjaLt/0 

4_i^.jl_>JI -»• U» . ..y t ^j-->l iV.nVI (J^abca 

(j ii <l i*iitl 4 t i*iit 4_x_uJ A-Liis 2l ajlj_>JI CjL>-jJ Jjj-^ 



Ar =r -r =(ai)/h 



w 



oq; 1/12)20 \ nap 
1 dBf tnaL^riaftf 



w, 



o 



(jArtfl2ja*n2E> 

onafif 









ax !ji2f2a 1 nap 

T 

\ tSgfl2J8d+n2p 



LJdfnllyu'P 



^ii^^itl ^jlj^JI ..n.i^tl :( n - Y) J^.t. 

(jj Jl->J i>1._l>. 4_x>-jL>JI -- La 1 aVl ajlj^>- CjL>-jJ (jr^Lc (, "K i"itl pi t i"i2 I j-uL-J 7c_ii3jJ O^Lcl «-i-ujJI 
4jjLiiLl L-kS-i u J(l a ^jIjJl^kJI (J^L>- (J-Lj^jIlJL) jj iiq i*iitl f^yji 4 1 1 .."^-» t I aj|j_>J| (_il in^. > j^-» 1 1 «Liic 



Q = XOJAAT ) 

A ""' pint ^ r ' 



.^n. 






Oj 



> ^ ^ 




lA u SoJIj JjjyiJI 3*123 uUuLui 






A = {m 2 } 
U = {W/m 2 K} 



' dJLmJl a! i U '\ 1 -> 1 1 TfUn, 4ja-l i n a 



i^=JI SjIj^kJI JL2il <>U^ 



JJ cJI JjJl^>JI IL. 1 -i^— i (jl^JVIj -il^aJtl i_3>Ll>.l umj. tCLa-uS i ailisJ <UuiVl L ys\ ua~ut\ J^sLta 



a 


■» U» # <«l| n \\ A 


0.70-0.55 


t£hR- eA*J J-* 3 ^ V>^ 


0.5 -0.4 


L£hR" Cr^J O 2 ^ ^3^ 


0.5-0.3 


<U^>- 3jL^ej>- 


o.9 -0.8 


^jU, jljjjj 


0.65 


/_lL(-0>>. lLs^Li 


0.9 





•- La i •■ U (_^al '^"°'l (J^oLta : ( \ \ — Y) (JjJl>- 



:LJLUI aJjU! <> U mo^,U ^jjdl J^UJI 



W0 I ' 



t^j-ajJIj f^J-ll (jyic. JloThj ^jIjJl^JI (^yic uLaJal ...11 (7)^ ma igJI f-Lui^M aJui 



.>rr. 






Oj 



> ^ ^ 




JdjS,'JJ\i ■AJJJ^" " i \.u 2j uUuLui 






HOR. 


W 


s 


E 


N 


j^UI 


645.6 


610.10 


727.3 


610.10 


82.6 


j^ 


760.1 


680.9 


622.9 


691.3 


92.10 


j^L** 


846.1 


719.7 


424.3 


7222.7 


104.0 


^jLa 


881.8 


708.1 


258.5 


708.4 


114.7 


Owl 


884.3 


679.7 


158.3 


685.10 


131.1 


.fc}^ 


875.1 


655.4 


139.0 


664.2 


166.1 


3±>32 


868.2 


660.4 


100.1 


662.0 


131.1 


JflfcJ 


860.9 


682.9 


249.4 


674.3 


119.8 


^ ii Vi r nf 1 


824.4 


698.6 


448.9 


823.7 


107.8 


) 1 1 1 l (l 


749.3 


663.6 


609.1 


646.3 


95.8 


->iP^ a T 


646.3 


587.9 


720.7 


592.7 


83.9 


J-J-*^ 


596.5 


756.6 


756.6 


570.9 


77.6 


) 1 I il_Q 



uljJ 4 i i ntl j j ■"■ I (J^L>- (_paUjJI 4 ijj t, ,_ i ii <i i"itl pi t i"i2l ajufu :( ^ Y 

(W/m 2 ) dU^I 



Y)J> 



.^rr. 






Oj 



> ^ ^ 




lA u SoJIj JjjyiJI 3*123 uUuLui 






HOR. 


W 


S 


E 


JLuii! 

N 


Hour 


0.0 


0.0 


0.0 


0.0 


0.0 


0000 


0.0 


0.0 


0.0 


0.0 


0.0 


0100 


0.0 


0.0 


0.0 


0.0 


0.0 


0200 


0.0 


0.0 


0.0 


0.0 


0.0 


0300 


0.0 


0.0 


0.0 


0.0 


0.0 


0400 


0.0 


0.0 


0.0 


0.0 


0.0 


0500 


0.0 


0.0 


0.0 


0.0 


0.0 


0600 


111.0 


24.3 


267.0 


489.9 


24.3 


0700 


339.2 


55.5 


529.0 


707.4 


55.5 


0800 


532.8 


77.6 


688.8 


649.4 


77.6 


0900 


672.1 


92.7 


791.9 


479.2 


92.7 


1000 


747.1 


103.4 


845.2 


251.3 


100.9 


1100 


752.5 


2150.0 


849.0 


104.7 


101.5 


1200 


687.6 


448.6 


802.9 


94.6 


94.6 


1300 


557.0 


629.6 


707.1 


80.4 


80.4 


1400 


370.4 


709.3 


556.7 


59.3 


59.3 


1500 


145.3 


556.4 


317.8 


29.6 


29.6 


1600 


0.0 


0.0 


0.0 


0.0 


0.0 


1700 


0.0 


0.0 


0.0 


0.0 


0.0 


1800 


0.0 


0.0 


0.0 


0.0 


0.0 


1900 


0.0 


0.0 


0.0 


0.0 


0.0 


2000 


0.0 


0.0 


0.0 


0.0 


0.0 


2100 


0.0 


0.0 


0.0 


0.0 


0.0 


2200 


0.0 


0.0 


0.0 


0.0 


0.0 


2300 



(W/m 2 ) j^Lbj^i JMiw^L^I IuijX u \*i\\ £\jl£M\ :( ^ ~ Y) J> 



Art. 



i ft < «5TTtl LJLxmLuii 




*M 



\ \ \ 



ia u SoJIj ■AJJ^ 1 VUi flj uUuLui 






HOR. 


w 


s 


E 


N 


Hour 


0.0 


0.0 


0.0 


0.0 


0.0 


0000 


0.0 


0.0 


0.0 


0.0 


0.0 


0100 


0.0 


0.0 


0.0 


0.0 


0.0 


0200 


0.0 


0.0 


0.0 


0.0 


0.0 


0300 


0.0 


0.0 


0.0 


0.0 


0.0 


0400 


1.9 


1.0 


1.0 


12.3 


5.3 


0500 


199.6 


50.4 


50.4 


564.0 


197.0 


0600 


431.6 


86.1 


89.8 


761.6 


216.3 


0700 


636.9 


112.5 


120.4 


766.4 


181.6 


0800 


809.2 


132.4 


149.1 


662.7 


143.8 


0900 


928.4 


146.0 


211.8 


489.6 


154.8 


1000 


989.9 


159.2 


244.9 


276.5 


160.5 


1100 


988.9 


218.3 


244.3 


158.9 


160.5 


1200 


926.2 


494.3 


210.6 


145.6 


154.8 


1300 


805.5 


666.1 


147.2 


132.1 


143.4 


1400 


635.2 


767.9 


119.8 


122.2 


182.8 


1500 


426.2 


759.4 


88.9 


85.4 


216.6 


1600 


193.6 


555.2 


49.2 


49.2 


194.8 


1700 


1.0 


6.6 


0.3 


0.0 


0.0 


1800 


0.0 


0.0 


0.0 


0.0 


0.0 


1900 


0.0 


0.0 


0.0 


0.0 


0.0 


2000 


0.0 


0.0 


0.0 


0.0 


0.0 


2100 


0.0 


0.0 


0.0 


0.0 


0.0 


2200 


0.0 


0.0 


0.0 


0.0 


0.0 


2300 



(W/m 2 ) LJjjj^i J>U ^L^l 4-bJa u \<^\\ ^L_i)?! :( U - Y) JjJ^ 

Jl j-»- oSj Mill iiajlj^>JI (jr ic \) '• ^— fy-m-q "it I f\ « mi 2 I Ijuiu 4.<t-ija jj^~- "' iiajL>JI <>L>J^? 4 j i nitlj 

ij\ j^>- lJlS_i u^A la La»Li-Li3 oj ~:<c. 4_oL>JI «Lg.l -nil J I j^>- 4_uj_L>JI Ja-il a_>JI (JLcj L>-Lu^3 4_LaQ]| kc\ < nil 

.( ^ Y . Y JjJl^j- j taJl ) sLcu^s 4-jJliLJI icL^JI Jl j^>. 4_ujJ«JI lLsjIj >JI (jri^-J 'j-4^> J Mif 4_ulilJI ^g.1 intl 

sjlj^>JI 4_>-jJ ^_ 4— lulc a jl_ ij jLiTuiLi tilJjj (JL*^. 2l (_il in~>- J^J£. LajLiTuiI ^j ^— » i ' lJlS-i "VIj tlajlj -vtl 

' ** i oJI al i U'\l -a-11 4_l>-jL>JI 



.>ro. 






Oj 



> ^ ^ 




lA u SoJIj JjjyiJI 3*123 uUuLui 






.(air-air temperature) <_,!>. I jJ I *ljfJlj ^,^-jLjkJI *1_$jJI »j[>»- ^-J- 5 

4_l>-L>-j ljJLljI _i ui aj^j 2m x 1.5m ojiUjI ^ <<??<*» <_sLj Jl»-Ij jjlc L^j 6mx4mx3m LaoUjI iajji 

: (Gw) j'j "r" w 1 ^" lU^ 1 -^j^ J y 1 ^ 1 JI^*.Vl iajjuu . 1.5m x 1.2m L^La j^Ij J^= j,Uj! 



40°C(^),30°C(w&) 



24°C(db),50%RH 



A_jJL>-ljJI p^-i ualJI <_ 3jj la ~ 

2TC(db) iupJI lj\j^ ^jj> - 

:Jb U^= ([/) ^l^itl ^jIj^kJI c^j^I <>U^j 
2.4W/m 2 £" . ^...t lj Ll^IjJI J^I^JJ J^tl ^jlj^JI J^jUl J^U-a - 
0.6W/m 2 £" 4_u^j}U (ji^ntl ^jlj^JI J^j^l <>L~» " 

2.0W/m 2 K ^Lkll^L^j^i^l^jl^l J^j^l J*U*- 

5.6W/m 2 £" i_t^U.JJI ciLuLulU u \^\\ i£>|>>JI J^j^l <>L~» " 

tj^LlIL^a (JjJl>- 4-llA (JLc. (JjI 1 »U (j-« f"J-^' ' J*- 41 (J^° J* 1 (j ' "~*~~< " } 







A 

2 

m 


u 

W/m 2 K 


jLhJI 


1981.4 


16 


51.6 


2.4 


4-U-uijJI (jljjL>JI 


96.0 


16 


3.0 


2.0 


c_>LJI 


483.8 


16 


5.4 


5.6 


.'UiAII 


1382.4 


24 


24 


2.4 






43.2 


03 


24 


0.6 


4_u-bjVl 


3986.8 


^jljjL^til (Jjj-ajjJLl ajlj^>JI (JLSjjI 



YJli*:< >©-Y)J> 
g H , = 3986.8 W = 3.987 &W 



J*J1 



(jljjLail (Jjj^sjIlILi 3jlj^>JI (JLSjjI 



.>rv 



2uil£j!3i*-jJ! 










<>Jl-Lc. (j-fljJKJ (_£JJI 4 ' intlj A^_iJ1 <Lj-»-LJ jj-a Oj3jJI LiLul j Mitl (J^L>- (j, '"« Mill 1_j ...^—tW JJt^KJ La LJLc. 

LiSj-iiJI LiLuL-iiJI J}L>. - ■ m^aJI (jj Jq a»^L rL^-jJI J>L>. ^ i ng Mill , ,...<^\\ Jjl j^ p^-jJLij J-«^>JI 

t^_i LiLI j j £ -*■**. ' tlA^ 1 *- 4r ^r_W Jd"' 4r <J' J-"' (jr^- *' ' " a 4_*_ilj_!lj La.LuLa 4_LaQjl Jtlc «Cu^3 J LaJ 4_uj_i]|j 

«.lj^.J Ljjjj_ii jj^— j jJIa Ijj t^gj (j mi '£— A_uj-L>JI ' '^.'^ j tSjJU j glaJI Jjlj <LuLjJIj I \j-$ia j ''~'<~ <LuLjJI 4x.I . all 




Lo.L>.jJI CjUL^OJ (^LuiVI ..,,., ^-itl :( YV - Y) J^,t, 

ajl^j>- + 4 LtaIL< \ I ajl^j>JI ^j-* 0""*" "*" ^> i'iLlU pi * i*ii 2U ajl^_>Jl = (_yj*.L>-jJl /t> < »-> ll J^Li. ajl^jsJl A J a ^— i 



.(J-U^Jjjl 



:LlILiI1 4JjL«J,1_i Lp-L>-jJl ~t-,„VI J^L>- 4-laTu.U «jlj^>JI <Ll<i^= ( j^i j-l.lClI1 j^-— i_* 

2™, =Ax/x(5C) 



g rarf = [kw] jrU-jJl J}U* cg ,,.fl,t,tl £LuiVI i^l. ..,,,, ^-itl 
SC = [Atone] JiltVitl J*U* 






Oj 



> ^ ^ 




lA u SoJIj JjjyiJI 3*123 uUuLui 









c iyVi jjui 


4_lL>-I^ a j Liu/ *_a 


JjilaJ (jjjj 


i^-iLi : jl>.Ij 


0.64 


0.83 


'"!"'« • « 


0.57 


0.69 


2 , „£—\r 3^.U • a 


0.33 


0.40 


i^-iLc. :(jrjJj| 


0.57 


0.88 


2 , „£—\r 2 5 it-. • « 


0.34 


0.40 



£U.jU JJlaSlI J^l^ :( H - Y) Jjjo. 

jj ) 4.2 1 y« \l t I jjIjJl^kJI ^j-« (Jli -ijJ^J I tjaj| >jLjJ 4_L>-L>.jJI CjL>-1 i n U (J^L>- f-\ t i'i^I 2jljJ>- 4_L«^= 
r-L>-jJI ^j_C i_<_^j>o <>t.— l>- dlLa.1 1 n \\ lilJj (jr-lc ( /, 1 no i"itl f-\ * i"i2) c—lS&jo 4_l>-jL>. jjLLi_u <J-«3-C JjjjJo ^j^l 



'" l*—~ ' II j-L>JI (Jl pi t I'l^L) «jlj^>JI (JLSjjI (2>>3 (Jl2j Lj-4 (J "<1 l"ltl 4_*_llul (j^O jj 1 <^-» 



.>rA. 



2uil£j!3i*-jJ! 








jaiaAxJI 



4_L>- 



U.JJI ol>UI <>i JlaJI jM :( YA - r) J^=_ 



J LiLul I l*iltl (J"*vL>. jj-0 I /»j^-»tl j_L>J| J J j^^jLJkJI S-'^jJI (— 1J I n"l < 7T <1 I n't j^Llil )>_L^>- Luj-Sj 

(building (^-LlU ^jlma ^\£. Jl*1*j *I^JI I Juk "u-a-^= .(infiltration) <_sj_i^l!1 *L>$j i-3>*j La I jukj u_sl_a->Vl 
(^JLc (_jj nil II *1j-a> a j-i^ Jljjjju ''It*' ^— t_)j i.n**tl *L>a> J^ I »i^a 1 i^— — ^ ^'ii\\ jl^— ■ La J^ - — * a quality) 

.TtJjJI "Lcj_i-u 2-iLjj *-a **JJ j**'tl s-'j-A (JjL*-a Jjj-l t -i~^>- T^^J-J' ifi-vui 
JJ9I "L>-jjJj Ijjj ^— Llal_^= L .■■^— i_a_t^=J,l j_u»JI JJ tlaj >J,I _a^>JI ^ *LvJI >_ij i uJ J^— ifuJ JJ3 
I g-i*3 l _ 7 _c!^j ^1— J I . " 1 1 "iii U". 1 1 p lajtx ,=*_ <_)j i n't I I Ji_A j^ul—j (J I Ij— j l>- I (j ^- i i ' *> * a j i 1 1 1 mj ) ii t a I ■ ■ ..^-» 

< >j in"! I J_l*JL 20% 4JsLl^>! ' ' *-jj ' a j^^ - * j 4~*~ o- 6 ' ■' , '^~~~ i a ?*— '-"j-' ■- 1^ ^ > *ua^**Ju 4_luLl**JI . •• < I a , .^ I j 1 1 

«JlC j^jjjj 4-I.Lt.a ■* •* I J^~~ i " 4ja»l i nt, (_)> i n"tl jljJLa JljJljso ' ■» ua ) *Ua^**JU aJ*MJI (^-i'iil Jlj>JI p_aJL)-t < ij m ~> t, I 



.- w 






Oj 



> ^ ^ 




lA u SoJIj JjjyiJI 3*123 uUuLui 






3600 "J" (»I^JI j-clo Jjjla Jjuta x iajJiJI («-==-=- ) = {m /*} <— >j-culJI :^l ticL^JI 4- lJi^iJj 

i-lLul ( i"i I j^ a aJlJt" i nl (jjJI ^LlII A. .i_llj_) jl (3-^-J 76J-3 j-U L 1 J '— Lul ( ifgJI ^J" '"' J ! <— >) ' ""it I I j^ a Lb}-*- 1 
0.25 » I j--J I j-i-lAj (J Jul>3 jLiUcl ^j^— > i 'j j 'j^— Ju>J <_i^ i n"(tl (Jae o uaj £ L^-La 5y_p^lll 4j>-jjj_a <U^sL>. t <lL)Lj 

0.50.JJ 

*l_o_a> Jjljl^sj .( Crack method) l £j2-ZA\ aJL^L <j_c. j_a> (V) Lj^iJI *l>4> Jjljl* ujLi^>J ^j^i-VI aJLj-LJI 

l$I (A/?)rjL>Jlj Ji.1 jJI (>u .U:,^tl 3>2j (A) (3^2A!I i^L^a (^^ jl«-l<j aJL>JI o'jlh, '2- ujj-^ulll 

V = ACAp n 



A= 
C= 
Ap = 
n= 



3j Sjui! SJUrttl ^>-L_uil 
0.4 -< ft X 1.0 Jjj^S-uJI 4r ^IJjJI U^LH-" ^^-^ Lr^ 1 jLcl -' L V L>"' 



<_i^ ( i "it I (j-u-i ( \ "\ - Y) (Jjju>JLa.(—i^ i n'ltl s-'j-ik (ju^-ij/ (Jjula (j-uHt (Jjl Jl>- (j-' 3 -' 1 1*- 1 ^J^(L>>-t' oJJt jm 



LI si m 


(-dL-iJI pp 


0.36 


(2 Jljjs- 4l!U») u i ui-v jLLI 


1.00 


(ilijj 4lJL>») (_;,. u.,-^ jLUI 


0.72 


^Juta jllal 


1.70 


Mi" Ij ^ ^~tj-l-La ./y-i Jula 


1.44 


LjJjj^C j-^3j-»VLa .^jjjjua 


0.50 


^3i~ 1?*^** 



dLul^J\ J>U c_.j-^! : ( W - Y) Jjj^ 

' a-LuaJI IL. 3.35 m/s Lbjl Jl^ tejj icj_cJ 0>Lcf ajuo1\ 



: <Ua j^eJLa 



l^j^fl (J^L>- jj^a (_i^ i n"it I (JjJl>- 



.^ i 







Oj 



> ^ ^ 
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(L/s) t_jj_cul!l J Jut* 


^LLs 


Al JlJt" 1 III 


Jjii* 


^_jLJI p^j 


565 


85 


13 


hh* Hr>U^ 


330 


165 


45 


(2.73m x 0.92m) ^Uj c_>L 


236 


35 


5 


(2.00m x 0.76m) U ,,U.«_>L 


330 


64 


9 


(2. 13m x 0.92m) U ,A^«_»L 


660 


85 


38 


(2. 13m x 1.84m) u .,V».<_»b 



c_i!jj^! J>U c-jju^I :( M - Y) JjJ^ 
i a-u^aJI IL. 3.35 m/s Lt>jl jJLa tuj icj_t^J oMcf (<ul!II 



: AlafrSeJLa 



4_aj^U| 4_j_j4jJI *lj-4> 4_u^= (J-<3-* 



(^j_^=jj,l i_o_u^=l1JI LjJLc. Jot" i nl /JJ-J! *J I ■ ^— > ! I (-JLjII 

< ij l il"l 1 1 s-l^-A (]_>-« * ^ 



V = [m 3 /s\ 

v o =[m 3 /%J 

c p = [1.006 UlkgK] 



(jy-qJ&J-JI s-l^jJI (jLj-ij/ JjJt-a 
S.1^1! 4_i£.jiJ| 2jlj^>JI 



2 = — \co -co )x/i 

v, ,, \ I o/ /« 



a o=l k 8 water /k 8 air] 

°>i = [ k g water /k 8 air] 



(jr i>-ljJI »lj)(jlt 4-j£.j-l!I 4_i_jIajJI 



.^ M. 







/z /g = [2254 fc//*g] ^1 jJI *\^\ a^-jj, jut j-p^HJ 4_Lolu^=J1 2j!j^J! 

m = [*//*»] ^jLiJij^uuijjji^^jisiyii^ : cut* 

(J_«^>JI (. I ) n*«.J <>t,_L>. (N) <Ull irltl/ 4-3jJlU «. I J-J I J_U_*J (JJlJLA ^LkSJ (j J I Q t" ( rl < £m ^ ^ , ^. t I ^j^O J-»Ii== 



G V = 



NxVxAh 



3600 xv„ 



V = [m 3 J 4^jJ«JI jf j_pJI /<u*^ 

: <Ll!Q]I (j> LaJI (j-ULA 3tP" <U_j^jJ aJ^UI *'^«J' 4_uj^= (_il i n-st 4jtjl Mill Jjjj LaJI (j-«J 

(ACH) icL-JI iL. £sjJ<J ^la^jJi] J juta (Jj<Ljj| ^^t . 
(ACH) StLjJI '£- iajJLl fljj* jjJu Jjuus (jj/Lj/f t^£L . \ 

jt^— II A^>» X ^1^— tl » I frJ I j-lJH Cj Ij-a JJlC = AjjiLai.1 *I^JI ^.M^— 

:(ACH) a^LJI ^_ eI^I^S oVjulx ^ I <^y Jl cJI (U 



.^ it. 
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(ACH^Ij^Ij-JuJjul* 


aI Jl^-"i i n 2tl 


6-10 


I i I i n p» jLcaA 


3-4 


<~il i"^-. a 


4-6 


I ."l^—i a 


4-6 


(J^aljLA 


5-10 


aLjIs A^J-C. 


6 


CjLlLLllo 


6 


te )l La ^ 


20 


4_lcLu^3 (JjlsLLa — JJ.}Ll3 — 7t_iLLaj3 






.) tr. 



2uil£j!3i*-jJ! 
uluSyill uLuiiLii 







jaiaAxJI 



(L/s) (_>*aie-ii (J^=J ^JJj"'^ Cj^Juta 


(>L>.Ju]l 


aljLflr'j.KiVI 


Jirtfttl 


<^VI 


9.5 


7 


liLa.1 


^ A * -■ 


7.5 


5 


LlLp.1 


' J'^' 


7.0 


5 


LiLp.1 


Q^JLa 


3.5 


2.5 


^J-"*- 4 


ijjLso Cj^L^a 


5.0 


3.5 


^>u^ 


■» "'^° 


14 


12 


^U^j 


oi,;,y,,„« 


14.0 


12.0 


JlJJuIu 


JjjLi 


24.0 


14.0 


JlJJlJu 


cjLiL<Cl>-I i— s^c. 


12.5 


7.5 


liLp.1 


2 flli- i ,~l^— . « 


10.0 


7.5 


lJLp.t 


p c 1 La a 


6.0 


3.5 


LiLp.1 


iji) <"**£-• 


5.0 


2.5 


£^U* 


£jL^a 



AJa^lII J Juta : ( Y • — Y) Jj„ 



:TJlla 



tL> ttj i„^.tl J-a^JI Jl^jI 24°C(db),5Q%RH jJ*. lL^m 8 mx6 mx3m 4_JiJjJI oj>UjI .. r.^-. a 
Jlj-a-^lj ACH=5 < icL_JI 4- iajJiJI ^IjAj-cJu J Julx jLlcLi ajo^TlU ^l^-tl J^j^JIj ^l^utl J^jJI 

40°C(db),26°C(wb) j^ ^.jUJI 




Jlla:( Y<\-Y) J^i 



.\ ii. 






Oj 



> ^ ^ 
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/j s =48.5 kJ/kg h o = 75.0kJ/kg h N =65MJ/g 



v =0.90Sm 3 /kg 



V 



VxACH 
3600 



4J^l!l *I^jJ ( _ ;r <i^EJ>JI (jLj-coJI JjJt-a. 









v = 2 


3 x 6 x 3) x 
3600 


5 








\/ = 


= 0.2 m / .v 




7M 


J=°- 2 = 0.22 
v 0.908 


kg Is 






&. 


= m(h N -i 


M 








a, 


= 0.22 (65 


-48.5) 


= 3.63 JfcW 






2 V / 


= m(/i - 


"M 








Q, 


= 0.22(75- 


-65) = 


2.2 &W 






Q v 


= &,+ 


e„ 









(jdU J) I n -> Ji, I 4j^£jjl (J-*^- 



2 V = 3.63 + 2.2 = 5.83 &W 



Q =m(h ( -h R ) 



Aj^jJI J^x 



Q v = 0.22 (75.0 - 48.5) = 5.83 kW 

(Q L ) S P LiVI JUa-T- J 

4_«JLjJI 4jjL»i,l (j-a a^Liis^l JLiJ».| i.ihi>1 

g L = NxPxFx(df) 



N = 

p = [w] 

F = 



•Ol 



4.25 -1.30 for florescent lamps 
= 1.0 for bulb lamps 



DF 






.^ io. 
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Jj-S6-«JL! 4_aj>UI SjjJill jLiTicVI 4- j-»»tj] 25- 30% jlj-laj CjJlJJ OJ mj^laJI CjLa-*1JI SjjJs j! i La > >< j 
Jot" i n'< 4_JL>JI o J-lb i^_j (j" 1 *-* 3 j-i^- S^Liia 2 <Laj}UI d)L-»ill JJl£. JjJljso (jl_t>- ^1 (_>^ajtJ £_ r-L"cvJ JJ3 



(W/m 2 ) s*Li)M Sjl£ 


a I JlJt" 1 11VI f-jj 


60 


1 ,"l ^—, a 


45 


«'''-*> ^ 


40 


Cj Ltd L>. — o-"j 1 ^^ 


20 


(3^-i^ TJ- jLUja (j^~~» 1 " 


17 


p « U-. a 


15 


' aa»LLa — C iLti •"■" ■ •■" 



2*La^l 2jui :( Y^ — Y) JjJl=- 



.^ tn. 






a_JL 20 j 100 W Lg-La J^= SjjS Ljilc ; ^j^ iJL 50 Jls-jj i! S*L-b^l ^ ^3l_Lll ^jIj^JI J-<^>J1 <_<-t^=J 

.40 W Lg-La J^= aj jS C^ii-ujjla 
V£figfe — \*V 1*1 ) bulb ~t~\^-^~ > '^2*2 ) flourescent 

= 50x100+1.25x20x40 

= 5000 + 1000 = 6000 W = 6 kW 

:0jlla 

0jUk iL. 1_ ■ ^-— j" (jj c T c ^i Cr^' Cj1_j-*UI JJl^I Jl^-jI .L^JsLiisI jlj-J 50 m LgHa>l ■■■* 4-Lmlj.j ajJtJ». 

: ju£. iajJiJI 

.100 W 4_Jt, J== ajji 4Jj>Ll CjLJ, iJjLlrJ jJi£. - 
.40 W 4jI J^= ajJiJS Ciimj^ela CjLI LJjLlltJ Ju£. - 
.aj^tJ»JI oJljJ a*La}U (^jIj^kJI J*j>JI lii! Jl^= j 

:eM 

40 W / tn JSVI ^^ic 05==^ 4_u_uljjJI aj_5t5tl! a*Lis^l aJui (jl Jl^o (JjjL-oJI JjJl^J! (j-a 

(I) 4_u_uljjJI ijjxjxH «-aj}UI a*Lb^l ajOJ9 (jj^-J <: Lji£. 

/ = 50x40 = 2000W 
: ,j$==j (Ni)ipL*]| CjLuJJI jj^i (jli i LA J^=J 100 W jL^bj ioUJI oLuJJ UjLuil J^ 

100 

2000W _a^> S^Lu»VI J^ JLJjLtfi UJ^-iJij 

(N2) CclmjjiAJI CjLuJJI jjl£. 03^=^ ^^ ' 40 W LA, J^= ajjiJs c^i^j_aJLa CjLI Lj>2>.I I jj 

w 2000 <n 

N 7 = = 50 

40 

(^jIj^ji Jj^>ji (jj^-»j aJL>ji ojub 4- 

O. ., = (1.25N,P 9 )„ 

z-^ught V 2 2/ flourescent 

= 1.25x50x40 = 2500 W 



.> iV. 






Oj 



> ^ ^ 
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Heat of Occupants ^UuiVl ,>• iw^i! Sjlj^JI . -a 

. '■Ijjll ^_p3^_«Jt,l 4 a i n->> •»• la i " ^^^a jjjjdl ^_je_uj 'H>^' <_)*■' -S s-LJJ J"^* 1 - 1 J-^- 1 -* A-jc-lli 4 * a I ^— * 2j|jj>. ^ Laj» ) 

: (jjj-i 3 CjM^ |_£Jl>-L) (jLcuJ^fl LfcjJjj <_j-^' °J'J-^' <— ij i < "i" J 
p i n~>- I ft iu a ) ^jJ-J I A 'J la I) 1 1 ^-Je-iTiJj 4_i-uj i n~ra 2 j |j -»^— » ( J_^>J u i 4_u^ul^o 2j l^_;t^3 f- 1 t i"i 2 u 



A-tlLtaJI ^j" i n a i_ljl1ji9 ^j al ^— ■ II (_£jlj_>JI <J_a^><Jl -il -ij— i lLUJljj oJ-^jjl^ ^j-ua Q? j-iJciTl? I (JLc. p i »■>!! ^LaTuil 
^_ <_dJjL^= 4_i^j i n-raj q al ^— > J I ^^^aLjr i"iVI ^j^a (_£jlj^>JI Jjj^kJI p^* ■■*" ^_ LaLfc IjJ-i (jl ' n <^U <L^=j^>JIj 

<j_a *_3jlM ^jlj—sJI ' ■ m^=JI Ja . -j" a ?r i^jj ^1 oJI JjJ >JI w l^aJI metabolic rate j^j^l Jj-<-U 

. <L>-ljJI 4_SIa_La (Jl^>-I JlIc '**" *^ i-LauLll I a u -* t ^al_jr i"i2l 



tJ^ 1 


4_Lal_^= 


4-UJ I&jUI^A 


a] Jl^t" i ii 2i I 


oLai)?! ^!U 


97 


31 


66 


Q-U1A 


^-^Lcu-«J L>^^ 


117 


45 


72 


jj. i r«i - i^.". - i ,'£—,*. 






132 


59 


73 


^, liA - a S ,". - i ,"<^— i « 


Ja i "o" a J-4-C J Jl is-i 


132 


59 


73 


4jjL>o Cj^l^ta 






146 


73 


73 


' J'^" 1 


«.Jajj (jr^u-CJ 


162 


81 


81 


p« U-. a 


^U. 


220 


139 


81 


» ; ,^. a 


Ja_UiU (JJuI/ (Jj'j-i 


220 


139 


81 


» ^ ,^> a 


tiJj^elLa (J-aLc 


292 


204 


88 


» ; ,^. « 


, U> , „j", /i jt i", Jjl^j (J^aLc 


425 


255 


170 


» ; ,^> « 


Jt^ J*"" Jj'j^ J-^^ 


425 


255 


170 


» * i -^ a 


4_ii5Ljj (Jal \_i iiaiui 



(W) ^^L^i^U ^jlj^JI (.n.i^tl :( YY - Y) Jjj^ 
O =nx. x(D.F.) 



{ Ps 



i ft < «5TTtl LJLxmLuii 




*M 



\ \ \ 



ia u SoJIj ■AJJ^ 1 VUi flj uUuLui 






4_i]Ll!l aJjUIL) (jL==J,l (jr l£.Li LfettaJU ^jJI 4-LaL==JI 2jlj^>JI (>L»JJ 



(j ii li l 4r <_>^=L=« iHi^f 1 (J-^= 



Ijj >j^c. jLiTui^I 4- Jl>»L ^JJIj ( Diversity Factor ) ijjLjIJI J-aU-a . 



^, 



^ = 






ijli- 



100 t^UtJiVl .sjlc. (jL== I i] o^UtjiVl <yi ^jLUI ^l^-itlj (^j^o^l t( >al^-itl i^jlj^J! <_U^J! 



(DF— 1) ut-L»a. jjjjL>-ljILaj I Laj i •■ ' ^L<i£. (jjjjlj-i 

:^jfc ^j-^^- ■"' J^— « 1 4_>ijLLll 2jL>JI (jl ju>j J^jI 1 nil (Jjju>JI (j-« 
9 = 229 W J ?, =139W J q s =SlW 

Q p =100x81 = 8100 W (j^Lfc-iVl J==J iu-^u^l Sjlj^JI 

Q^ =100x139 = 13900 W ^L^iVl J==J iloL==JI Sjlj^JI 

g, =100x220 = 22000 W = 22.0 ikW ^L^iVl J==J LJ==JI Sjlj^JI 

G p = G P , + Q Pi ^L^iVl J==J ljl==ji Sjlj^Jl jT 

G =8100 + 13900 = 22000 W = 22.0 ikW 



.^ m. 



i ft < «5TTtl LJLxmLuii 



*M 



\ \ \ 




J dj S,'JJ\i ■AJjjit 1 " i \.u 2j uUuLui 






(J-iLiIlII (J^OULA 


aIjlJbjj-uVI 


s^VI 


MO L^C-t-U J[ 1 


0.85-0.70 


0.90-0.70 


i ,"l <^-> a 


0.50-0.30 


0.60 - 0.40 


3-iLl3 - (3 rt ui 


1.00-0.90 


0.80-0.90 


4jjL>o Cj^L^ta 


0.90-0.80 


0.85-O.95 


« " '^>° 



(jjLjjJI J^sLta :( YY — Y) JjJl»- 

Heat of Equipment oIjulU Sjlj*. . j 

i La a£ 4 mj i mca ajlj >- ■ La »" Lg . ^»« CjI J taj aj j-*- f 4 -^^— 1 ,| (j-^=l aVI (J-^-l-i J^^-jj J^Js 

^Js-^i .4_LaL^= ajlj^>- 4-i-uj i n ■> \\ ajlj^>JI ,JI iaLiisI ^ Laju I j ijajua •»■ II >ja »-Vitl CjV|j '" 'Jjj fl-tlllL^a 

'••il-*-jl"^-»tl jj (Jj| Ju>J| ^j-a 2 Jula jl jl^>- (J^= *jl>- > ' 

: LJLUI aJjUJI ^ (g E ) l^J ^jIj^kJI Ja^JI cryu cjIjjjoJJ iJU. IL. 

<2 £ =X(1-/7)E 

E = a JulaU LajMJI SjjJill 

0.5 kW 1 (jia J-== »J^-^ (jr^Wj-4^ 3 JJ-^J-^ 2 JJl^I Jl ml ml (j-C Jjl— til (_£jlj^>JI J_«j>JI (-r ma.1 

.70% L^*U^=j 
: «>JI 

= 2x(l -0.7) x0.5 = 0.30 fcW 



(fim ) l-5>>-T ijjlj^- J±\-U2UI . j 
jl/j (jjua i n->U <JjU»JI ^j^a }L^= ^ a ri M jl JjJ3 JlS (Jj^>-I <Ujlj^»- jjL-iS^a Jl>-j3 Jt£ <j^=j Lt, La^L>. 



• >o. 



2uil£j!3i*-jJ! 
uluSyill uLuiiLii 










: A JUL. 

fu-q-t^HI lLjj-^j 26°C(db),50%RH J if 4 li==i «j 4.5mx3.0mx3.0m LajLjI oUbl ise-^^ll 4_ajJi]| 
i ^ ,,.11 j LlxojVI lLjIj^JI c ^U-jii pl^tl »jLh>JI JL23il J-*L~» < 43°C(d&),26°C(wfe) a-^jUkJI 

2j!j-^ ^-j-> • Jj >HJI (j-l£. 1.6 W/m 2 Kj \.6W/m 2 K t \.6Wlm 2 K t 1.35 W/m 2 K t 6.42 W lm 2 K <_jIj_jV|j 
. Ly ».jL>JI ila - --jj tl ojlj^v 4-^-J-S (j-C 8°C -J J-a3 ( i rtii mtlj aLijisj^l I_£i3 L*j) 4_SjJiiI ajjL>J,l (^=LaVl 
L yi4Ju\l 'A.Il^^\ ajlj^»JI ^jL^-J-i 3>^ -3 m2 eri^^l V^' ^L^aj 4 IT1 ^j-L^JI LLajbtU rU-jJI ^L"i-a 
^ ^>L>^ A^jJiil. 10 L/s (j-aati J^=J ^riHI f IjjJI . 355 W/m 2 ^U-jU 4i„rAll ^^JJI Sjlj^-j .12°C 
4_LaL== aj'j-^ 1 *" 72 W p j- a Jl^-Ij J ^— (j Laju (j^sliejil 3 JJlC ^SjJlILij 60 W SjJiJS Ciii-ujjla CjLI, «_ijl 

.iajJii! ( _ ;r i^=JI J-«^>JI Jl»-jI . Liuoam 'jb-^- 45 Wj 
4.5 m 



T 



N 

A 



Y<& 



QlCfiia || (& 



Orfap || (fi5 



n- 



JH*:(V- -Y) j£=^i 

: J-JI 
G w =1438.86W = 1.439iW (YY . YJjj^) ob^ 11 bb-^ 1 J 1 ^ 1 J** 

((^yJj-L^JI ) (jIjJl^eJLI fj ii <i Mill j-uG + r-Lj-jJJ pLui^/l «jlj->- = (jIjJl^eJLI 4 • • ■"^— 1 1 Sj|j^>J| 

G„* = A x / x (SC) ^U-jJQ j-LuiVI Sjlj^. 

SC = 0.83 JjIj^I^j 

Qraa =Ax/x(5C) 
= 4x355x0.83 = 1178.6 IV 



jj ii <i i*ii 1 1 4 t i*iit 4A-UJ (jljjL^til (_£j|j^>JI ' i i "^— »' 



.^1. 






Oj 
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= 1.35 x 6.5 x 12 = 105.3 W 

Q sol = 1 178.6 + 105.3 = 1283.9 W = 1.284 kW 
Q L =NxPxF 

= 4 x 60 x 1 .25 = 300W = 0300kW 
Q p =nxq p x(D.F) 

= 3x72xl = 216W 

Q p =nxq pr x( D .F.) 



= 3x45xl = 135W 

Q P = Q Ps + Q Pl 

= 216 + 135 = 351W = 0.351ikW 



h = %\kJlkg 

h t = 58kJ/kg 

V =3x10 = 30 Lis = 0.030 m 3 1 s 
. V 0.030 



m 



v o 0.916 
Q v =m(h o -h) 



0.033 kg Is 



= 0.033(81 -58) = 0.759 kW 

Q R =Q w +Q so i+Qi+Q P +Q v 



(j na i"i ll 4 t i"il 4_»_UJ A-ii^aJI SjI^jsJI 
M-u in>U /j^sLx-iIu 2 I (J-»a> 



v = 0.916 m 3 /Jfcg ^R-J^JI JI_p.SU 

iUli-UI JI^>U 

4j_a^l!l *l_ajj (^CJ&J-JI JjuJ.1 
4j_a^jJI *'j-£> (juj-u (JJula 
4j^UI J^*. 



= 1.439 + 1.284 + 0.300 + 0.351 + 0.759 = 4.133 kW 



.>ot. 







Oj 



> ^ ^ 



lA u SoJIj JjjyiJI 3*123 uUuLui 






e w = Z^(r-r) 



jj|jju>ji jys> iiziui «jIj^>ji 



e w {^} 


(r -t) 

K o i 


A(m 2 ) 


U{W/m 2 K} 




109.35 


9 


9.0 


1.35 


4jl£j u,itl (jljjL>JI 


109.35 


9 


9.0 


1.35 


ajjjJlII (jljj^>JI 


149.175 


17 


6.5 


1.35 


4-uj-L>JI (jljJu>J! 


164.025 


9 


13.5 


1.35 


LJU^foJI (jljj^>JI 


436.56 


17 


4.0 


6.42 


4_o.U.jJI tiLuLull! 


81.6 


17 


3.0 


1.6 


4 Mu,c>.tl ejl_^lVI 


194.4 


9 


13.50 


1.6 


4-u-bj^M 


194.4 


9 


13.50 


1.6 






1438.86 











Jlic:( Yi-Y) Jj. 



.\or. 







Heating Load Calculation jr^^U! JU^f . 

£ <j1jJ^>JL^3 I a J^=dl j-ftH iJo^aJtlj 4 La-pJll j usLcaJI J}L>. Sjlj_^>JI JLdjJl . ] 

?cll.. r-L>.jJI i ' fl-fl ' ul\ i A-uisj^l 
l_£jlj^>JI (_Lv>JI jl dll ■»■" Atl j 3j^ ,".tl (J^L>- jj^a *LvJI <— ij i uJ 4_3e_uJ ;_£jlj^>JI (_Lv>iJI . (_j 

. <_y».jL>JI (jurtTitl *lj-a> £j3Ju] fjMJI 

(j-a Jl-J_)3 i dJj ^— j e_sj_<_ulJI J-a->- (jr JLl jJj-J (jP-II rW>^' 4£.J-"-" jLTuiVI '2— Jl>-^?I (_cjvj 

. (h ) ^jlj^JI J-u-ajlII J^v IL. «jiijJ,l ~t-..A> t aj^-jUkJI 4_ajLH,l 

J -i gj La LJLc. 4_il (_^l (_LjiII CjLcLij/ ^_ (j - ^ ' ""'N J-**- yl '"**• C^J9j Qa ^-— J La LJLc. 

2«.l lis VI (J—Ila )(J1 <jj>- 2I ^^ » ' (Jl a-a>l ^j ^— » i ) 4 il 1 -i^~* pL* iI/VL ,Jj lsjjJI J «j>- 

ji ( _p3jl_*i,lj t-jLjJ,I IL. VI Ilj^-^ (j^e-uu}\ J-a^. j^yic lj '"'^~- j"J" ^ cP - ^ ((_^sLstjiiflj 

.^jL>U! t >^=L«Vl 
. tAjj-bj^U aj^oIIL JL2jjVI <_Lv*. ujL^o- JlJ£. ^Vl jl iV VI 4- JL>»afl j^ij 

15°C J>jJu»- iL. LJLc. jj^-— _' 4-l»-jL>JI Jl^o^^lj 4-u-bj^l -- La i ■■ (>U SjIj^kJI CjLj-jJ 3j-^ ul ~ 

ijVI <J}L>. 2jlj^>JI JLajJl JJljla JLa-4>l (>^=laj i 4-LCo.U *LAII Jl^>»l aJU* 4- 4Jl Ja^>L- 

(adiabatic conditions ) 

J-a^- jj—a JJL23 I fljlfl CjI JLaUj s^Li-bVlj ^^Ur uiVI JLa^-l jl— jj£.VI iL. Jlj>-^?I Jl-c£ 

(j^a- ui'tl Jta^^/ JlcL-u^j J-aLl LjJI (_£l c_Ll^=J,I j-pe-U (j-LJt^alll 
■ (j~LJr ) n"(tl (JLv*-! jL>oV 4-3-1 1 ( nil (j"*->lj-2JI ^j "^' (J-aJLJ-l <l" 

tijjIj^JI JU*.Vl JJ^ 
JLa^l J\ 4_.jlj^JI JU».Vl J^: ( >a J^V '(SHF) ^j-^kXI SjIj^JI J-aL^a jL>uV 

AJ^a I ^— > J Laj>- 1 J A-i-uj; i n~ra 

Q. Q. 



4 I Lt3 



5//F 



e r e,+e, 



0,={W} ( a-i^qi j-tadJ^l^JIJ^JI 

2 r = W ^i^ji J^Jl 



.>oi. 







t^^L^a AJjlj^>JI JL*J»-^I I *y>~~ J^— qj 4-lLij 

<lLoL^=j 4-i-uj i n-a^a (JLcji.1 :<u_^l!l (JL4j>.| m 

j\ j^ c^-LlJJ . 24°C(db),50%RH jlJc < a ^ <^_Ll« £j^_» Jl c^JI <w*jJI 
(_>Lj J-^= jLuI luJaj. <t>I>jI 3j 4.25m pLjjjIj 24m Jjk; a-uj-L>JI Lp-LiJI ^a ^^L^j 
. :cr !LUL^= (^Ul dD^J (jl^-itl Sjlj^Jl JUil JxLm. 2m x 2.5m 

[/ = o.7W/ffl 2 f lLjI^JI ■ 

£/=0.5 W/m 2 ^ i rtrt.ntl " 

U =3.2 W/m 2 K 4-ta.U.jJI liLuLAJI ■ 

[/ =1.6^/m 2 ^ «_j|_jjVI ■ 

100 ^iJlLi ^UtiVl jj^i - 

sjlj-^- 45 W J A-i-uj-i^sta »jlj_^- 72 W (_^aie_<i J £=J (jia-J^M Sjlj^v 4 ^-1^— > ~ 

5 L/S (j.-1-a- i"i J^— it (jy j_uiil 4j_j4jJI (JJula - 



10W/m 2 s^L^yi- 

^ uoJLI J_^>JI jl^jT « 10°C (db),6°C (d&)4_Jtil| L_o.jUJI JI>^Vl jL^iL> 



.^ ee. 



2uil£j!3i*-jJ! 











jii»:(in -Y) J^i 



4_jJLa-l jJI Jlj_^>U SjIj^kJI CjLj».jJi j^j-C J_Sj 4_l»-jL>JI Jlj_^VI oL^jJi (jl L^J 

JLSlJl LiU Jl^=j »U uiVb 4 j .."^-.tl 3j|j^>J| Jl_4Jb! ^ ^ij 4_Llg.j »1" mi C3 _a JI^VLs 

: ( _ ;r £> ijjlj^>JI (JLaj^ VI > jj' : ~~ '"' A-iica 4_ui5jVI (Jjj^s jj^i 3jlj^>JI 

2w = IK4(T -T t ) jljj^U J^jiiL, Sjl^l JL^I 

( Y£ . Y Jjj^jiiJl ) (Q w ) ^Ijj^ J^l^jIIL 3j!j^»J! JLSlil J^w 

g u . = -10713.5 W = -10.714 &W 
g L =10x28x18 



= 5040W=5.040£W 
Q Ps =nxq Ps x{D.F) 



= 100x72x1 = 7200W = 7.200 kW 



Q 



Pi 



nxq n x 

1 Pl 



(D.F) 






.^«V 



2uil£j!3i*-jJ! 
uluSyill uLuiiLii 










= 100 x 45 x 1 = 4500 W = 4.500 &W 

G P = G P , + Q P i ^Lk^Vi ,> 4 ,,„-,^u sj^ji sjIj^ji 

= 7200 + 4500 = 1 1700 W = 1 1.700 JfcW 



G„{W} 


Vo-Tt) 


A(m 2 ) 


U{W/m 2 K} 




-749.7 


-14 


76.5 


0.7 


£jJ9j_iiJI (jljjL>JI 


-749.7 


-14 


76.5 


0.7 


LujJlII (jljjL>JI 


-957.95 


-14 


8.5 


0.7 


4-UjJjyJI (jljjL>JI 


-83.3 


-14 


102 


0.7 


<-Jl<> ATI (jIjjl»JI 


-4569.6 


-14 


102 


3.2 


(a-JI «i uJI)i-ta.L>.jJI dJ-ul j uJI 


-33.6 


-14 


15 


1.6 


4 llu.l->.tl <_llj-)^M 


-3528 


-14 


504 


0.5 






-10713.5 


(j\jJjx\1 (Jjj-ajIiJLi ajlj^>JI fj\ SUjI 



\ Jliu:( YO-Y) J> 







Vll»:( YY- Y) J^.t, 



.^«V. 






Oj 



> ^ ^ 




lA u SoJIj JjjyiJI 3*123 uUuLui 






/^ =4S.5kJ/kg 
h = 20.5 kJ/ kg 



v= 0.807 m Ikg 
h N = 34.5 kJ/ kg 



V = 5 x 100 = 0500L / s = 0.500m j / s 



V 0.500 



m = 



= 0.62kg Is 



v 0.807 

Q Vs =m(h ~K) 

= 0.62(20.5-34.5) = -8.680£W 

= 0.62(34.5 - 48.5) = -8.680 kW 
Q v =m(h -h R ) 

= 0.62(20.5 - 48.5) = -17.36 kW 

Q v = Q Vs + Qv t 

= -8.680 + -8.680 = -17.36 kW 






j' 



02 Jlr )^nlla > illJ** 



(kW) (y>\±= J^ 


(kW /(j-"J ' nira (3*>- 






-10.714 


02 w )o1>^ l^j^Li SjI^^kJI JLS^I J^v 




5.040 


(Gl) s^yij**. 


4.500 


7.200 


(g^) a^U^iVl^a,,,,"^-.!,! 4,1^-, 11 Sjlj^JI 


-8.680 


-8.680 


(2v) AJ^IJIJ^ 


-4.180 


-7.154 


(Q RT ) ^=JI^IJ^ 



<\ Jli*:( Y1-Y) Jjjl* 



Qrt = Qr< + Qi 



-7.154-4.180=-! 1.334 kW 



SHF 



Q R 



Q, 



-7.154 
11.334 



0.63 



.soh. 



l^aJI ^jJlJI J*a. 



iajJiil (j^uj 1 " *> 1 1 2jlj^>iJl (J^aLta 







( *lj-JI kcj-uj : pi t m^l 2jlj^>- ( 4_i^IajJI <2jlj_>JI 4_»-jj : ^Jt> ^jl i n <2l 4-»-lj (_yic- ^hI-^ Lr^ <_r°'J-*-^ 

.*I^-JI sjLdJj (_^aie-falJl 4^= 
4~ a J * '"' ' (jr^ li '* — '3~>^'j "° J 'J— ^ ' < — ''— *"J-^ 0"*— ' •*— distil Cj1_J9}L*JI /- LajtJ : 4_»-ljJI 4 ala-La 4 Lajj - 



4^lj mtl 
.4_Lal_^= (JLa^-lj 4-i-uj hit a (JL4J>.| Jl p i •■ 2 *"' 4-)jlj^>JI (JLaj*. VI - 
:4_»_uj ,jj^~~ '"' ' fl-L^aJLI j_ptil 4jjIj_>JI (JLa^. 2 1 ~ 

(jljju>JI (J^ii>- (Jjj-ajjJLi SjIj^kJI (JL2jj! . I 

(j ii <i mtl 4_*_ilul 4_3t_uJ (Jjj-is jIlI I J pi * niVL (_£jlj_>JI I 1 1 ■■^— tl . <_j 

i— Ij i n'ltl jl/j 4j_j4jJI (JLu*. I . r- 

ssLiisVI ^j_a a , , „",^— . tl 2jl^>JI _ _& 

CjIjulIIj isj_£>.VI jj^a a , , „",^-. 1 1 2j|j^>J| . j 

(JLajfcl ^j ^— » i ' (j^ - ' ""' 11 (JL**-I <— ll ttf*- Jl-lCJ .^j-LJr i n'ltlj JlJ^jIlII (JLa^s* 2 d)V.iL*i,l (j-oflJ (J o t" i uj . 

Jlj>-^3 (j - *-^ ' "" '' (J ■—**■! O^ d ' '■" ' (J " a '"' " ** * '"" < ^ =t TH J Lhj ,Lg 3~^ '_? pi « i*ii V I "Laejll 4 i i .."^— » 1 1 ajl^_>Jl 

.rjLoXlj AJjUdll Cj}U4I 4- ^i 2*LisVlj AieJ^\ JU^f JU^>j Q^V *^1 1-1 ^ -Jt^W Sj Lc- 

^lila (Jjljj«JL^= (j^iiiVi a (_£j!j_>. (Jjj-ajJ (J>sLta LJ *l_b jl_ava (Jl ml i u| . I 



. /— i-UI 4_ 4_L>-L>.jJl CjL>-1 i ii U 4 1 1 ii ) (JjJ-Sj . r- 

double-glazing j>u_LlL j J rr^j Jl o<" ml j a_l>.jL>. j^l" ,„ J_<i£. q ^— ao 41l>.L».jJ1 c:L».L^aii - J 

.r-L^-j-LI Jjlt^'tl 2Lc.lj_a «_a 

< ij i ii'il I * l^jb ^j^a (JjJLajil i^J-iX I a I *— »•*- 1 . _<b 

.4_JL»J! 4jjlj^>Jl A r l A^—tl oli CjLi-aJLHj 4 j inllll asLisVl Jl at" ml .J 



• >0^. 







S (jl in'tVI <LsJj (jr !Li j3j3 (J pJI (J^oI_jaJI (j-a lui4> j-^= Jl ~ ^ 

SLkjQio cJiji^aj S 4_l>-jL>JIj 4_lL>.| jJI c^-1 uallll (_LaljjLJ ja i ■*-■ 2 1 , 1 La — Y 

lmx2mo.iLjJ._sL) L$j £/ = 0.57W/m 2 /<: ^-L.. ^jlj^- <>Lw <dj 4mx3m tf__ut __5__ — T 

2jlj_>JI Jl alii J_aL_a .1.5mx0.75m LajUjI 4_o*U*j Sj_2lj 4j L_uIj f/ = 1.6W/m 2 ^ L 5jlj_w ,_LaL_a 4Jj 

3^_ (jL_= lil 43L3___aj __3UJI Ijla J>U Sjlj_>JI JL__I Jju_a j^jf . U = 3.2W/m 2 K ^Lj-jU ^i^-itl 

. AT = \6K fjj\ i nj rjL>Jlj _J__.l jJI j>u Sjlj_>JI _jL*.jJi 
Lj^iII Jj_ua J_>.jl .ACH=2 i_—l___»- 4-J34III »Ij-Aj-i_<3 Jjljl^j 8m x 6m x 3m oj>Lul i_il^=ua — £ 

.1 ■"^— ' -1 U (—a^e^vjl 

SjjJs cjLjjJJI jjl^. Jl^-jI .60 W I m 1 Jjljl^j 4jVLisJ j>Ij_j 4 8mx6m 4l3*L^ j>L*jI i_<^=ua - 

;JUVm.l i]L>. If. S^Li^yi J^ Liajlj (.,-^-ifllt I^ii^jj l^j ^1 40 W 

4jjLc CjLJ, . (_! < ~ r ( I "JjiJ3 CjLJ, . I 

ujLj Jl^».Ij jjl^. L$j j 3 m l_4£.Lajjlj 8 m Lj '^j<* j 10 m LJjIs a_sj-c. Lr^ <>LJji /«_<-uj-!l -*\ 
L«j= 24 °C LajJiJI SjIj^>» 4-^-jJj . 1 .5 m L^la ju>.lj J ^— i>.L^a rL>.j 'A^^-*-" f jlj 3 m «CL>.L^a 
. :4-JLl!I 2jIj^>JI CjLj-jj o.a.Li I jl . 24 °C LJ 2jjL>J,l 4J2jJ«JI «jlj->- ^>.jJ I '\'^j? ^-^j-^ 

40 °C ^jLkJI a^UJI Sjlj^JI i^jj . 
27 °C ^jpJI 'j'j- 3 *- ^j-J- 5 - 

7 C 4-Uj-L>JI 4_l>.LlLI (j 11 <i i"itl 4^e_uJ SjIj^kJI CjL>-jJ (jj>^ ■ 

3 C 4_UjJlII 4_l>.Ll!LJ (j 11 <i i"itl <L3t_uJ SjIj^kJI CjL>-jJ Jjj-^ ■ 

. ^ U^-, ( U ) ^l^-itl i^jlj^l J^jUl J^L^aj 

2.4 VW m 2 K JaSI^*JI . 

0.6 VW m 2 K **^jVl . 

2.0W/m 2 K c_>LJl. 

5.6W/m 2 K iMnliii.tl. 

;{ja J^=lI f-LciiVL rL».jJI J>L>. Sjlj^>JI c_)l uu£=s\ Jjutaj 

300 W/m 2 ^jJtJI „U>JVI 

200 W/m 2 crL^I ^L^^?! 

_n._ 



2uil£j!3i*-jJ! 














'.4_lILlII 4_lIjVI CjLoj1*JU <Li2j_ta «j .cLfljj^=iJ -i'j-i I '"^— i a TciisjJ <>ljj| /<i i iijJI - V 



24°C(db),50%RH 
35°C(db),26°C(wb) 

1^*^30 



Lo.jUji jij».Vl - 

( ; ("^-itl (jr LiLi jjl£. - 
400 W S^LiVI - 

3 m i lluJI fLiijI _ 

"^i g= L-aoLul ^_jL_> 2jij_ii j 1 .2m x 3m L_$ia J_^= jL^jI L±^U.j iiLu L £ 6 4_j ^^-LlU - 

.fu-ujJI 4- U^a^yjai^l oUo^l <>a 1.5m x 1.2m j L^jJlJI L^LUI ^ 1.5m x 3m 
t^»o t^JJI ^p-LlU Lg-Lu 30°C(<iZ?) Sjlj-^- 4-^-j.s J «f (.. "^-lU jJL*j ^JJ! ^ LJUj SjjLj>J,I ^LJll - 

24°C(db) jjl^p. ^.jj jj*. ,.,-,*mi 



[/ =1.6f/ffl 2 I 
[/ =2.5f/ffl 2 ^ 






^'i.y. 



2uil£j!3i*-jJ! 










[/=3.2W/ffl 2 I ^U-jJI Ld-uL^iJI • 

£7=1.8 W/m^ v'jjVI • 

. ( _ y i ; L^JJ /yl^aJI (Jj^jsJI Jl>-jI i Aja^IJl CjV Jul>3J jj u <i i"itl j-uQj 4_u-ul_La /c-lS ( _p3l^j^u 

jl_Laljjfll j;] J-^ ^ lO°C(db),6°C(db) 4_o.jUJI Jlj^Vl c^iL^= li! ^ ;.«H cfjIj^JI J-**JI J^-jl 

12 m 



N 
A 



00 



1 



6r|(q2 || (&2 




1 



Y<& 




/ 



.nt. 







tilLUJI 4->L>->L! (X) ia}Lcj istpt^aJI 4->L>->L! (S) ia}Ll ^b 

( ) u^-j>Lu 20 % J LifH?-'"^ 80 % ^ SjLm ^j^JI eljjJ! (I 

( ) 4 j [ i gill «Gjjlaj jl jjj ' < laj ) I *'j«J' (j-LJr 1 n"< Jtlc (<_) 
( ) /»i i »■>!! ^j^a <Jjj*]l J-^- 1 -* Lr^ 1 L ^ Lg '' ' ""' *'_^4^ * uaAie-U I 4j 1 1 olll <LijlajJI (r- 

»UI jU^J ( rt*i^-i"< J^jJii 6j>j (jjl 12°C(^),10°C(w&) JjoJ^^ 35°C(db),30%RH juc *Ija (j 

() 

. ^yljjjJLI 2jIjj»JI JLojjI 4_JLi£. ^j^a JjJ3 4_L>-L».jJI diLa.1 > aJJ /yic j-Si" ' "tl (_£> 
( ) (JljjjU tJ-LJr i n'ltl (J-*J- J-S I -1^^-— dllA La J_iaJ ( _>^Ljiji VI JJlC jlj 1 ~^' : — i (j 

«jIj^>JIj 12°C ^yA SjLjJI SjIj^>JI i>.jji jj^" 4-lLi ( 12°C,10°C jJ^. i£j>. *1ja (j 

( )10°C ^a^UJ! 
( ) Lr £.jj}\ 4^jxj>~ jlj 1 ol^-> i *'j(J' 'bb-^ ^-J- 5 «-— »-i1_3 L<^= (r 

( ) , U.Sa Ju^jTJI i_aLa 4-ULjj /ylc- JloTuu Ju^jTJI I ail jjLa^Lil! J^aLta (Jo 
( ) <LaL>JI 2jIjj>JI Aa-j.} <^JJp ^-a LjjJj^j jLje-Ju ' ."^J *-£? *T* v 1 -^ 

^lill Jlj_^1 

j4> j-ptU (j^J ( n ■> U (_Lu»JI . J I jIlII (_yic (j-LJr i uJ 1 aLaj jLio i—Jaj-a ^j-« (jj^=ilu (AHU) *'jA aJjLLo 2Jl>-j 

^Ij^JI t > a 40% £_« £*\jl\ f.\^\ cr* 60% .UK ^.80% ^jUuj j-pJJ ^j^o^J.1 SjljaJI J^L^j 40 kW 

:^LJLUI oLa^mi *LLa£.J <3 . ^2jj\ 

25°C(db), 50%RH aJKUI Jlja-Vl . 

10°C(^),6°C(w^) iia.jLkJIJIja.Vl. 

35°C(<i£>) 4-lIA.IjJI Jlja-VI JlJ£. isjAlI ilulJI *ljjb 2jlja- i>-jj . 

: Jl>-jI /<u (j^aj ^^""jj ^~~'^' " AJajjiJI /ylc ajj^ajjj dlLtLajJI /o i ujl £ a LkuJ, I diLajlsJU ^ a t" i u a 

A^jJiil AjJlslLII *IjA (jLjj_tu JjJta . (i) 
l^j\sr 1 n'ltl 1 aJ a 4jljjj . (ll) 

c-c-lLjUI jUj i_ui^3 . (iii) 

dJLU! Jlj ,„tl 



.ur. 



2uil£j!3i*-jJ! 
uluSyill uLuiiLii 










Cr i_iit>- ^Lij 3mx2mi_dL-ii <J^= <L>-L^ ^y^Lxj cdljAz jJl£. 4j t 6m x 5m x 3m ojUjI i . -"^— a 
Sjlj^>JI 4_l«^=j (j-^Lie-iil 10 jj^c. 4 j ^,",^utl .( <J_2j_U («-uijJ! '£- I <^3 ) 1.5mx2m ojUj! L^sjI Jl^Ij 
sjjJs <r>i i"jj& i-JL 16 t3d>^ 6-^ (*-*-* '. , "^~-^ Ss.L_Li=] .132 W ^-tt Jl^-IjJI ^-^^- .^.tl ^ ^L>JLi!l LJL^=JI 
25°C(db), 50%RH ^ i_Jil jJI ^ ,,*,-, 1 1 J!>^l .ACH=2 ,.,-,^olt ^V 1 ^ 3 J^-* - 50 W ^ J^= 
.26°C(db) Sjlj^. a^-jj jJ^ jjUai ,.,-^-.U .10 o C(*),6°C(wft) ^ ^jUJI ^.^".H Jl_p.t Ulu 

: f^jt iajJiJI *l_b jl^I, ^1^— ?l 5jIj^>JI JLSliJl J^aLta - 
1.6 W/m 2 K cUjI^a^JJ u l^-.ll Sjlj^JI JUii! ,>U^ ♦ 

3.2 W/m 2 A" ^W-jJI oUL^JJ ^l^-itl Sjl>>JI JLZul <>L^ ♦ 



< 


h ■ ^ 










(_J.L3.j Ujl 1 Ul 














25°C(db),50%RH 




O 


»/"> 
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: ksr jiT t s\\\ jjlL AjL>-M] (X) iLa}Lcj Ajeost^oJI 4jL>.}U (» ) 4-a}Lc *jis 

(x) u^-j>LLi 20 % j c&r>«^ 80 % ^ SjL^ ^»J| *I^JI . (I 

(» ) /<u-u^>JI jj^a ^J-^' J-^-f* (jr^ 1 l - iLC ^ ' ""< fljjH a , ^ A ^- ; 1 1 4 j j , lt '(\\ Aj^lajJI . (r- 

& UI jU*J ( rt*i^-i- JiSjl^i 6j>j (j'4 l2°C(db),\0°C(wb) J\ ej^-a ^ 35°C(db),30%RH j^ *lj^> ( j 

.( X) ,_ LlpI] 2jIj_>JI (JLajjl «Lu o<* ^j^a JiJ^J 4_l>-L>.jJI dlLa.1 . nil (JLc j^l" i "tl (_£> 
(» ) ^yJLj-cJJ (j^a-Ld'tl Jji^ Jl I pl^— e I" fail La 3rpJ (j^Ut^u^l JJlC jlj 1 ^1^— (j 

10°C yA a^UJI Sjl>>Jlj 12°C ^ L^y! Sjlj^JI a^jj, 03^=3 4Jc « 12°C,10°C Mc ^j». *!j^» (j 

(x) 
iy ) (jrC^I <w^». j>lj UJL4= i *'_^' ^j'j- 3 " ^-j- 5 ^-^j UJL4= (r- 

(X) . l-^a Jjj_uJI 1 aJ a 4-U1jj (_y^- ^-aTLtJ Ju^jTJI i ail i _yu^3^>L'JI jJ-aLjca (Jo 
(v ) £aL>JI SjIj^kJI ia-jJ t^J>JJ £-a jUbjJL) L-faJapJI A-tiaX, (i±! 

^lill Jlj_faJI 

:4_JLlII iljUJLl (jj9 ukLkll 3U5;t £aL>JI SjIj^kJI ia-jj -sL*^ 

^ _ O O fi a 

M 



m + m 
o « 

0.4x10 + 0.6x25 

0.4 + 0.6 

16 °C 



16°C (_gjl i»" M SJoJLlU £aL>JI «jlj^>JI <L>-j.s ^La-uLij R j O (jGla2Jl\ (y^ M SJaiiJI JjJ^>>j q^-xij ^i^ 
Tcjisj^s I -1^— 35 °C £aL>JI «jlj^>JI ia-jJ J if )S AlaJLLlI Jl R SUs:t| ^ 0.8 i^uLj SHF (<u-uj *uj Lbjuu 
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Lu^Sj jLie_JLi i_ubp 4_lLi£. .MA^ i La ■•- 1 1 a (j-uj) m ■> U ^j-La- i n"tl <jii-«-i A/S i La "- II 

! (jj JtJSO ^l I iltl J^— I ifttJI (j-« 

fc =58.5 kJ/ kg h N =39.5kJ/kg 

w N = 0.0092 kg /kg w M =0.0065kg/kg 



(m) Ajjutlll *lj-4> (jLjj_<-u (JjuL^a 



G. 



m : 



c xAT 
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40 
1x10 



4%/s 



(<2 ) (2y L ^ r ' ""'" <— iLo 4 t i n 



2 Ac =mAh = m(h s -hj 
= 4 x (58.5 -39.5) 
= 76£W 



(m ) i_<_lL3 0JI *La 4 '-i^— < 
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m = 3600m(w - w ) 

w ■ N M ' 

= 3600x 4 x (0.0092 -0.0065) 
=38.88 L//zr 
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-81 
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L_ljJL>JI 


-1573.8 













Q w =1573.8W«1.574 ifcW ^jJl!! Jib J! jrjUJ! i> »j|>>JI J 1 ^ 1 

(fiJ^LS^VlJ** 



2 = Nxa 

p p 

= 10x132 

= 1320W =1.320 kW 



03 ) s,Lu»VI J^- 



Q l =NxFxP 
= 16x1.25x50 
= 1000W = 1.000 ifcW 
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v fl = 0.806 m 3 /% 



/j r =50.5 kJ/ kg 
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/? o =20 kJ/ kg 
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V = 6x5x3 
= 90 m 



m = 



3600v 



o 
90 



3600x0.806 
=0.031 &g/s 



Q v =m(h o -h R ) 
= 0.031(20-50.5) 
= -0.9455 kW 
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Mass flow rate 

mass 

Condensed water 

Air mass flow rate. 

Total pressure 

Pressure difference 

Air pressure 

Vapor pressure 

Evaporator pressure 

Condenser pressure 

Universal gas constant 

Specific Gas constant 

Specific heat 

Compression work 

Evaporator load 

Cooling coil capacity 

Heating coil capacity 

Condenser heat 
transfer 

Sensible heat load 
latent heat load 

Refrigeration effect 

Coefficient of 
performance 

Air vlome 
Vapor volume 



kg/s 

kg 
kg Is 
kg/s 

Pa 

Pa 

Pa 

Pa 

Pa 

Pa 

J/Kmole - kg 

J/kgK 
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Air temperature 
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Vapor temperature 
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Dry bulb temperature 


°C 


Wet bulb temperture 


°C 


Relative humidity 
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Specific humidity 


kg /kg 


Total load 
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Ton of Refrigeration 


TR 


Wall gains 

(conductive heat 

gains) 

Radiation load 


W 
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Heat gains from 
people 

Heat gains from lghts 


w 
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Ventilation load 
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Heat gains from 
equipment 

Miscellaneous loads 


w 
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Specific heat factor 

Overall heat transfer 
coefficient 


W/m 2 R 


Room or space 
temperature 


°c 


Internal temperature 


°c 


Outside temperature 

Supply air 

temperature 

Temperature 

difference 


°c 
°c 

°c 


Radiation intensity 


W/m 2 



T, 
T v 
T db 
T 

1 Mb 

RH 

to 

Q, 

TR 

Qr 

Q P 

G, 

Qe 

SHF 

U 



T. 



AT 
I 



*'V bl^*- ^j- 5 

jlitJI "oj\j^ ^>-jJ 

4 J I ( nitl A-ljiajJ! 
4_lCj_l!I AjjIsjJI 

(jr i^=JI (^jIj^kJI J-u-ajlII J^sLta 
j_pj| j| 4_fl>iJl •jlj-J* A_^JJ 

4_l>-jL>JI ajl^jsJI 4^»-jJ 



.Ul. 



j>«jj uLtltayaa 



>M 



\ \ ) 




Absorptivity factor 

Internal heat transfer 
coefficient 

External heat transfer 
coefficient 

Enthalpy 

Shading coefficient 

Ventilation load - 

sensible 

Ventilation load - 

latent 

Specific volume@ 
outside conditions 
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W/rnK 

W/m 2 K 
U/kg 
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tn jkg 



Latent heat of 
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vaporization 


volume 


tn 


Discharge (volume 


3 -1 


flow rate) 


m s 
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Lamps factor 
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efficiency 


- 


Saturation efficiency 
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Contact factor 
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Air change per hour 


hr~ l 


Entropy 


JlkgK 


Cooling load 
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Dryness factor 
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Horsepower 


hp 
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